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invitation to asthma? 


not necessarily... 
Tedral, taken at the first sign of attack, often 


forestalls severe symptoms. 


relief in minutes ...Tedral brings symp- 
tomatic relief in a matter of minutes. Breathing 
becomes easier as Tedral relaxes smooth muscle, 
reduces tissue edema, provides mild sedation. 


for 4 full hours ...Tedral maintains more 
normal respiration for a sustained period —not 
just a momentary pause in the attack. 


Tedral provides: 


Ephedrine HCl ................¥% gt. 
Phenobarbital ................¥@ gp. 


in boxes of 24, 120 and 1000 tablets 
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Gm. (1% grains) 
0.2 Gm. (3 grains) scored. 
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WINTHROP 


WINTHROP-STEARNS INC. New York 18. N.Y. + Windsor, Ont. 


Mebaral, trademark reg. U.S. Pat. Off. 
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Editorial 


Subacute Bacterial Endocarditis: Optimal Duration of Treatment. Paut B. BEESON 
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Clinical Studies 


Influence of Gonadal Hormones on Protein-Lipid Relationships in Human Plasma 
M. Russ, Howarp A. EDER AND Davin P. BARR 


The authors report further on the effects of administration of estrogens and androgens, singly and 
combined, on the;concéntration and distribution of plasma lipids and lipoproteins, as measured 
particularly by the Cohn micro fractionation method; and also on the concomitant clinical results. 
It is demonstrated unequivocally that estrogens usually reduce abnormally high levels of beta lipo- 
proteins, which are suspected of inducing atherosclerosis, and that androgens elevate them so per- 
sistently that concurrent estrogen therapy was ineffectual. The reversion of the plasma lipoproteins 
toward normal continued only so long as estrogens were administered but protracted therapy was 
made difficult by the physical and psychologic manifestations of gonadal effects. The clinical 
usefulness of estrogens in the prevention and treatment of atherosclerosis in man therefore could not 
be proved. In one case of primary hypercholesterolemic xanthomatosis with hyperlipemia (essen- 
tial hyperlipemia?) there was dramatic disappearance of tuberous xanthomatous deposits while 


estrogen therapy could be maintained. 


Serum Lipoprotein and Cholesterol Concentrations of Central and North Americans 


with Different Dietary Habits 
GEORGE V. Mann, J. ANTONIO MUNOZ AND NEvIN S. SCRIMSHAW 


In this interesting study, the serum cholesterol and lipoprotein concentrations of rural Central 
American subjects on a vegetarian low fat diet were compared with the corresponding serum con- 
stituents of urban Central and North American subjects whose fat intake is liberal. As anticipated, 
the serum cholesterol levels in the low fat group were significantly lower; however, there was no 
consistent difference in serum lipoprotein levels. We have here, then, a convenient dissociation be- 
tween serum cholesterol and lipoprotein concentrations which may make it possible to determine 
which of these two factors is more important in atherogenesis, at present a subject of hot dispute. 


Analysis of 177 Cases of Hypertensive Vascular Disease with Papilledema. One Hun- 


dred ‘Twenty-six Patients Treated with Rice Diet 
BARBARA NEWBORG AND WALTER KEMPNER 


In a paper of unusual interest, Dr. Kempner gives what is essentially a five-year follow-up report of 
his experience with the treatment of hypertensive cardiovascular disease by means of the rice diet. 


Contents continued on page 5 
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THERAPEUTIC BILE 


for patients with liver and gallbladder disorders 


(A) Hydrocholeresis: 
Bile capillaries (rabbit 
liver) are filled with di- 
lute bile 15 minutes after 
i.v. injection of sodium 
dehydrocholate. 

(B) Untreated control. 


“Since bile of this nature and in this large output can 
flush out even the smaller and more tortuous biliary 
radicles, hydrocholeresis [with Decholin and Decholin 
Sodium] aids in removal of inspissated material and 
combats infection.” 


Decholin®— Decholin Sodi 


Decholin Tablets (dehydrocholic acid, Ames) 3% gr. 
(0.25 Gm.). Decholin Sodium (sodium dehydrocholate, Ames) 
20% aqueous solution; ampuls of 3 cc., 5 cc. and 10 cc. 


(1) Clara, M.: Med. Monatsschr. 7:356, 1953, (2) Brauer, R. W., and 
Pessotti, R. L.: Science 115:142, 1952. (3) Schwimmer, D.; Boyd, 
L. J., and Rubin, S. H.: Bull. New York M. Coll. 16:102, 1953. 
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The study is limited to 177 patients with advanced neuroretinopathy, whose average survival rate 
without treatment would be extremely low. The improvement in symptoms and signs of malignant 
hypertension, and the increase in survival time of those who could or would adhere strictly to the 
dietary regimen is unequivocal and impressive, at least in those who did not have significant renal 
impairment and did not lose significant quantities of sodium in the urine. 


Effects of Restriction of Dietary Fat and Cholesterol upon Serum Lipids and Lipopro- 


teins in Patients with Hypertension 
FREDERICK I’. Hatcu, Liese L. ABELL AND Forrest E. KENDALL 


In an extension of previous studies on the effect of the unmodified Kempner rice-fruit diet on the 
serum lipids of hypertensive subjects the authors have investigated the influence upon the serum 
lipids and lipoproteins of addition of fat, cholesterol and/or protein to the Kempner dietary regi- 
men. The results again indicate that drastic dietary restricuon of cholesterol, and also of fat, has 
comparatively little prolonged influence upon the serum lipid and lipoprotein levels if ample sup- 
plies of carbohydrate and protein are made available for biosynthesis of lipids. Most subjects 
showed some decline in serum cholesterol esters but not consistently in free cholesterol or phos- 
pholipid; some showed an increase of neutral fat in the serum. Of interest is the observation that S; 
12-20 lipoproteins did not decrease significantly; S; 20-100 lipoproteins increased. The study, 
which was conducted under carefully controlled conditions, supports the general thesis that total 
caloric intake is of greater significance in relation to maintenance of serum lipid and lipoprotein 
levels than the quantity of cholesterol or of fat ingested. 


Effects of Sitosterol on Serum Lipids 
Maurice M. Best, CHARLES H. DUNCAN, EDwArD J. VAN LOON AND 
Joan D. WATHEN 


The quest for a practical means of effecting sustained lowering of the serum cholesterol continues in 
the hope of finding some way of deferring clinically significant atherosclerosis in our aging popula- 
tion. The present study describes the results of incorporation of a plant sterol, beta-sitosterol, into 
the otherwise free diet in adequately controlled experiments in fourteen human subjects. This 
sterol, now known to be absorbed from the gastrointestinal tract, apparently interferes with absorp- 
tion of cholesterol, perhaps by competing for esterification. In any event, the serum cholesterol, total 
lipid and neutral fat levels fall about 20 per cent, the serum lipid phosphorus and allegedly athero- 
genic lipoproteins somewhat less. This is an impressive result, although biosynthesis of cholesterol 
appears not to be depressed and clinical benefit remains to be established. This approach to the 
problem of prevention of atherosclerosis should be pursued further, it is to be hoped, with the ob- 
servance of controls and restrained judgments of the present investigators. 
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the first drug 


to use in 


hypertension 


RAU DIAIN 


Squibb Whole Root Rauwolfia 


18 A SQUIBB TRADEMARK 


\. Raudixin produces a gradual, sustained 


hypotensive effect which is usually sufhcient 
in mild to moderate cases. 


Raudixin has a mild bradycrotic effect, helping to 
ease the work load of the heart. 


The tranquilizing effect of Raudixin is often of 
great benefit to the hypertensive patient. 


Raudixin is a safe drug, producing no serious side 
effects. Tolerance has not been reported. 


In severe cases, Raudixin may be combined with 
more powerful drugs. It often enhances the 
effect of such drugs, permitting lower dosages. 


Raudixin supplies the total activity of the whole root, 
which is greater than that of its reserpine content. 


Raudixin is accurately standardized by a series 


of rigorous assay methods. 


posacE: 100 mg. b.i.d. initially; may be adjusted as necessary. 


supPLy: 50 and 100 mg. tablets, bottles of 100 and 1000. 
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Serum Lipid Pattern in Hyperthyroidism, Hypothyroidism and Coronary Athero- 


sclerosis. . .  . RicHARD J. JONES, Louris COHEN AND HOowaArRD Corsus 


The authors combined conventional chemical analysis of serum lipids with ultracentrifugal frac- 
tionation of serum lipoproteins, at a density of 1.21, in an attempt to find deviations characteristic 
of myxedema, particularly in relation to hyperthyroidism and to coronary artery disease. The dif- 
ferences in the first two categories, reflecting the effect of thyroid hormone, were significant 
notably in respect to increased beta lipoproteins and the more rapidly floating lipoproteins in hypo- 
thyroidism. The results in relation to idiopathic hypercholesterolemia with associated coronary 
artery disease showed much overlapping, a point of interest in connection with the controversial 
question of the prevalence of coronary atherosclerosis in myxedematous subjects. 


Night-eating Syndrome. A Pattern of Food Intake among Certain Obese Patients 


ALBERT J. STUNKARD, WILLIAM J. GRACE AND HAROLD G. WOLFF 


This interesting report describes an abnormal eating pattern, characterized by nocturnal hyper- 
phagia, insomnia and morning anorexia, occurring in certain obese patients particularly during 
periods of weight gain and life stress. Reducing regimens were found to be ineffective in such sub- 
jects and, indeed, likely to evoke anxiety or depressive reactions. The authors speculate on signif- 
icance and etiology of the syndrome. 


Review 


Metal Chelate Compounds of Urine. Their Relation to the Initiation and Growth of 


Calculi. WiLLiAM H. Boyce, FRED K. GARVEY AND CHARLES M. Nor FLEET, JR. 


Most of the many theories proposed to explain urinary calculus formation are nebulous, archaic or 
based upon mass law considerations which are inapplicable. The present able study presents a fresh 
point of view which is backed up by solid evidence and by suppositions which reasonably account 
for most of the known facts about stone formation. The authors indicate that abnormal muco- 
proteins found in the urine of stone-formers act as metal (calcium) chelating agents to form large 
calcium-mucoprotein complexes, with subsequent crystallization of the stone salts. A similar 
process might well apply to the formation of bone salts also. 


Seminars on Carbohydrate Metabolism 


Metabolism of Carbohydrates. A Review. DEWITT STETTEN, JR. AND YALE J. TOPPER 


Elucidation of the causes of the disorders of carbohydrate metabolism and of the mechanisms of ac- 
tion of insulin, which will be the subjects of the series of seminars to follow, will require understand- 
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YOU CAN CONTROL 
ALL PHASES MIGRAINE 


at 
no 
extra 
cost 


a NEW, MORE EFFECTIVE treatment for 
MIGRAINE 


Migraine attacks usually comprise a triad of symptoms: 
headache, nausea and vomiting, and occipital muscle pain 
which often outlasts and prolongs the migraine attack. 
Wigraine relieves all three phases, with caffeine (100 
mg.) and ergotamine tartrate (1.0 mg.) to abort the head 
pain, belladonna alkaloids, levo-rotatory* (0.1 mg.) to 
control the nausea and vomiting, and acetophenetidin 
(130 mg.) to alleviate residual muscle pain. More than 
this, uncoated Wigraine tablets disintegrate in less than 


i hoi > a minute, providing the most rapid control of symptoms 
fates. W iaraine Patent possible. Available foil-stripped in boxes of 20. Write for 
Pending. literature and a trial supply today. 
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ing of the normal processes of the intermediate metabolism of carbohydrates and of their inter- 
digitation with fat and protein metabolism. Drs. Stetten and Topper here provide an outstanding 
summation of present knowledge in this field. Beginning with the processes of photosynthesis, and 
thus the ultimate origins of biochemical energy, they go on to discuss the pathways of glycolysis, the 
phosphogluconate oxidation route of glucose degradation, enzymatic interconversions of hexoses, 
the mechanisms of glycogen storage and breakdown, and end with a brief discussion of other poly- 
saccharides of biologic significance. The reader will find this paper an enlightening introduction to 
disorders of carbohydrate metabolism. 


Combined Staff Clinic 
| 111 


Combined Staff Clinics (Columbia University College of Physicians and Surgeons)—This confer- 
ence deals in some detail with current views on the causes and management of the complex prob- 
lem of obesity in both its metabolic and psychologic aspects. The topics covered include a review of 
the metabolism of fat and of adipose tissue, a consideration of prevailing theories of appetite con- 
trol, a discussion of the possible multiple etiologies of experimental and clinical obesity and other 
relevant aspects. In management, the effectiveness of various special diets and drugs is considered 
rather cursorily, with the conclusion that restriction of caloric intake, with proper regard to 
psychologic complications, remains the basic principle of prevention and treatment. 


Clinico-pathologic Conference 


Right-sided Heart Failure Occurring during Successive Pregnancies, Polycythemia, 
and Sudden Peripheral Vascular Collapse. . . . . . . . . 126 


Clinico-pathologic Conference (Washington University School of Medicine). 


Research Society Abstracts 


Southern Society for Clinical Research—Abstracts of Papers Presented at the Annual 
Meeting, New Orleans, Louisiana, January 29,1955. . . . . . . 135 
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only therape 
aminophylline bloa 


therapeutic r, 


ORAL Cardalin produces higher and better sustained 
theophylline blood levels than are seen with 7% gr. 
of aminophylline I. V. (See chart above). 

The clinical effectiveness of aminophylline appears 
directly related to the blood levels produced. 

Cardalin is protected aminophylline. Two protective factors 
—aluminum hydroxide and ethyl aminobenzoate— 
effectively control gastric irritation. Extensive 

clinical studies show that Cardalin can be given at high 
dosage levels over prolonged periods. 

tion-free aminophylline 


am prescribe Cardalin. 


Aminophylline................ 
Aluminum Hydroxide....... 


References on the therapeutic 
efficacy of Cardalin 


1. Segal, M. S., et al.: Quart. Rev. 
Allergy & Applied Immunol. 6: 399, 
1952. 

2. Levine, E. R.: Med. Rec. & Ann. 
46: 322, 1952. 

3. Segal, M. S., and Dulfano, M. J.: 
GP 7: 1953. 

4. Barach, A. L., et al.: Dis. Chest 23: 
121, 1953. 

5. Segal, M. S., and Dulfano, M. J.: 
Chronic Pulmonary Emphysema. Mod. 
Med. Monographs, New York, Grune 
& Stratton, 1953, No. 8, pp. 79-80. 

6. Bickerman, H. A., et al.: Ann. 
Allergy 11: 309, 1953. 


leach Cardalin tablet contains: 


.....9.0 gr. 
....0.5 gr. 


Ethyl Aminobenzoate........... 
Bottles of 50, 100, 500 and 1000. 


Also available: CARDALIN-PHEN, containing 4 gr. of phenobarbital per tablet 


IRWIN, NEISLER & COMPANY /DECATUR, ILLINOIS 


e TORONTO 1, ONTARIO 
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Case Reports 


Retroperitoneal Pneumography in the Diagnosis of Retroperitoneal Lympho- 
matous Neoplasms . . . . RALPH M. MYERSON AND GEORGE T. WOHL 155 


The usefulness of retroperitoneal pneumography by the presacral air iniection technic is indicated 
by illustrative cases of abdominal Hodgkin’s disease. A modification of the usual procedure is 


Rupture of Aortic Aneurysm into the Pulmonary Artery. Report of a Case Proved by 
Cardiac Catheterization . . .  . Davin ButtTross, JR. AND JOHN SALATICH 159 


Rupture of an aortic aneurysm into the pulmonary artery gives sufficiently distinctive findings to 
permit a presumptive diagnosis in patients who survive, and confirmatory evidence can be ob- 
tained by cardiac catheterization. The authors describe such an event in a patient alive and in fair 
health nineteen months later. 


Errata. In the May 1955 issue of The American Journal of Medicine: 

1. The Foreword by Dr. Maxwell Finland, p. 683, the second paragraph 
in the right column should begin: Some of these cases offer a real challenge. 
First, early diagnosis and treatment of the original infections may help 
prevent the later chronic and resistant forms. 

2. The article entitled ‘‘Present Status of the Chemotherapy of ‘Tubercu- 
losis’ by Dr. Robert H. Ebert, p. 746, the second paragraph in the right 
column should read as follows: Streptomycin should not be used in the 
presence of renal impairment since levels become so elevated if kidney 
damage is present that eighth nerve damage is likely.”? The central nervous 
system effects of isoniazid are more likely to occur in patients with previous 
histories of convulsions or psychoses, and in such individuals the drug should 
be discontinued on the first indication of a toxic effect on the central nervoug 
system.%° 
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to support recovery, speed convalescence 


® 
* 
the leading broad-spectrum antibiotic, discovered by Pfizer, 
with water-soluble vitamins in combinations originated by Pfizer) 


When treating patients with infections, experience has 
shown that “one must aim at maintaining the normal 
daily nutritional requirements, replacing previous 


depletions and current losses, and supplying whatever 
increased requirements may be related to the nature of 


the illness.”* This modern concept provides the means 
for “treating the ‘whole’ patient.” Te, SE 


Tetracyn-SF has already demonstrated full antibiotic 


effectiveness’ in comparative trials with Tetracyn® 
(brand of tetracycline) alone and, in the hands of ules Z 40) mh 
thousands of physicians, has shown 

Superior Blood Levels 


Superior Toleration 
Superior Clinical Effectiveness 


Two effective dosage forms for oral use: 


Terramycin-SF* (brand of oxytetracycline with vitamins) is also available: | 


Tetracyn-SF and Terramycin-SF are formulated to provide 
the minimum daily dose of each antibiotic (1 Gm. of 


Tetracyn or Terramycin) plus the stress vitamin 
formula recommended by the National Research Council. 


1. Pollack, H., and Halpern, S. L.: Therapeutic Nutrition, 
Prepared in Collaboration with the Committee on Therapeutic 
Nutrition, Food and Nutrition Board, National Research Council, 
Washington, D. C., 1952. 

2. Marti-Ibanez, F: Antibiotic Med. 1:247 (May) 1955. 

3. Dumas, K. J.; Carlozzi, M., and Wright, W. A.: Antibiotic 


Med. 1:296 (May) 1955. 
(ey) *Trademark for the vitamin-fortified antibiotics provided by Pfizer. 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
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TRIDIONE® 


(TRIMETHADIONE, ABBOTT) 


First successful 
synthetic agent—now 
agent of choice—for the 
symptomatic control of petit 
mal, myoclonic jerks and 
akinetic seizures. 


PARADIONE® 


(PARAMETHADIONE, ABBOTT) 


Homologue to TRIDIONE. 
An alternate preparation 
which is often effective in 
cases refractory to TRIDIONE 
therapy. For treatment of 
the petit mal triad. 


GEMONIL® 


(METHARBITAL, ABBOTT) 


A new drug of low 
toxicity for grand mal, 
myoclonic, petit mal and 
mixed seizures. Effective in 
epilepsies associated with 
organic brain damage. 


PHENL 


(PHENACEMIDE, ABBOTT) 


A potent anticonvulsant 
for psychomotor epilepsy, 
grand mal, petit mal, and 

mixed seizures. Often successful 
where other therapy 
has failed. 
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nesthesiologists find SURITAL proved advanta ges 
ium (thiamylal sodium, Parke- 
avis) a versatile anesthetic, 


readily adapted to all operative Ss iTA sodium 


SURITAL causes little laryngo- 
spasm, bronchospasm, respiratory 
| irculatory d ion. And 
PARKE, DAVIS & COMPANY  petrort. micican 


patients are spared unnecessary 
distress because SURITAL affords 
rapid, smooth induction and re- 
covery usually without nausea, 


vomiting or excitement. 


Detailed information on SURITAL sodium is available on request. 
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Upjohn 


Relax 


the nervous, 


tense, 
emotionally unstable: 


r Pp Ol (Pure crystalline alkaloid) 


TRADEMARK FOR THE UPJOHN BRAND OF RESERPINE 


Each tablet contains: 

Reserpine ..........0.1 mg. 
or 0.25 mg. 
or 1.0 mg. 

Supplied: 

Scored tablets 

0.1 and 0.25 mg. in bottles of 100 

and 500 
1.0 mg. in bottles of 100 
The Upjohn Company, Kalamazoo, Michigan 
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Q ZASE. @o you may put your own mind at ease 


as well as calm your patient when you prescribe Noludar 


as a sedative (or in larger dosage, as a 


hypnotic). There is little danger of habituation 


or other side effects because Noludar 


is not a barbiturate. Available in 


50-mg and 200-mg tablets, 
and in liquid form,50 mg per 


teaspoonful. 
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specifically 
designed 
for infants and children 


the new standard | 
for nasal decongestion 


providing nasal patency 
in minutes for hours 


brand of tetrahydrozoline hydrochloride 


PEDIATRIC WNasa/ Drops 


almost immediate relief lasting 4 to 6 hours 
after a single dose 


odorless and tasteless 


no sting, burn, irritation, or other local 
reactions 


no rebound congestion 
especially useful during the allergy season 
systemic effects rare in recommended dosage 


calibrated dropper for precise dosage 


DOSAGE: 1-2 drops in infants under two years, and 2-3 drops in children 


two to six years. 


SUPPLIED: in 1/2-oz. bottles containing TyzInF, 0.05%. Also available as Nasal 
Spray in plastic bottles containing 15 cc., 0.1%, and Nasal Solution in 1-oz. 


dropper bottles, 0.1%. 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 


® 
é 
PF i Z ER 
Tyzine 
P PELATRIC NASAL DROPS 
eC r° 0.03% scLUTION 
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Should atrophy of the adrenal 
cortex as a result of corticosteroid 


therapy be prevented? 


Yes—it should be prevented! Atrophy 
of the adrenal cortex with loss of 7: 
secretion of adrenal corticalhormones 
deprives the patient under cortisone — 
therapy of a defense mechanism a 
which can assume vital importance - 
when exposed to unexpected stress. 


For this reason, the response of the adrenal cortex 
SUNS ~ must be preserved. Jt can be preserved by utilizing 
—— , the antagonism between ACTH and cortisone 

= or hydrocortisone at the adrenal cortical level. 


ACTH is capable of counteracting the negative 
influence of cortisone on the adrenal cortex by its 
Opposite, positive effect on function and structure of 
the adrenal gland. ACTH stimulates... 

cortisone depresses adrenal cortical function. 


The goal thus is: 
To obtain all therapeutic benefits without sacrifice of 


the adrenal cortex by counterbalancing cortisone 


with ACTH. 
THERE IS A DIFFERENCE HP A | | H AR 
BETWEEN ACTH AND CORTISONE 
*Highly Purified (IN GELATIN) 


HP*ACTHAR® Gel is The Armour Laboratories Brand of Purified 
Adrenocorticotropic Hormone—Corticotropin (ACTH) 


THE ARMOUR LABORATORIES 
A DIVISION OF ARMOUR AND COMPANY ¢ KANKAKEE, ILLINOIS 
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Any patient sick enough to 


need broad spectrum antibiotics 
deserves the added protection 
against monilial 


superinfection afforded by 


STECLIN* MYCOSTATIN 


Each Mysteclin capsule contains 250 mg. of Steclin 
(Squibb Tetracycline) Hydrochloride, the broad spec- 
trum antibiotic which is better tolerated and pro- oe 
duces higher blood and urinary levels than its 
analogues, and 250,000 units of Mycostatin (Squibb 
Nystatin), the first safe antibiotic effective against 

fungi. 


Minimum adult dose: 1 capsule q.i.d. 


Supply: Bottles of 12 and 100. 


*MYSTECLIN’. “STECLIN” ANO *MYCOSTATIN'® ARE SQUIBB TRADEMARKS 


q 
4 

| 


better tolerated broad spectrum 
antibacterial therapy 


plus 
antifungal prophylaxis 


in one capsule 


cost. the patient only a pennies 
more per capstbe than other broad 


broties whieh do not provide antifungal prophy taxis. 
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\ The 2 X-rays above show the. 
_enlarged heart of a hypertensive © 
patient before and after treatment 
“with Unitensen Tablets. 
‘Uniterisen is a true hypotensive 
drug that dependably lowers blood 

A hypertensive patients whose blood 
pressure must be lowered. Thus, 
Jnitensen can arrest the progress 
of vascular disease and, in time, ; 
actually permit regression of 4 


Re 


organic changes. 


ins cryptena ni 


(as tannate salts), 2 mg. 
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¥% to % less than 


énsive—costs 
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The primary concern of the 
dermatologist is embodied in the 
dictum, ‘““Primum Non Nocere,”’ 

meaning “First do no harm.’”!” 

A major attribute of Desitin 
Ointment is its non-sensitizing, 
non-irritant, non-toxic**® quality 
even when applied over extensive, 
raw skin areas. To soothe, protect, 
lubricate, and accelerate healing 
... without causing “‘therapeutic”’ 
or “overtreatment” dermatitis 
... rely on 


OINTMENT 


rich in Cod liver oil 


an diaper rash e wounds (especially slow healing) 
ulcers (decubitus, varicose, diabetic) @ Durns 
dermatoses e rectal irritation 


Tubes of 1 0z., 2 oz., 4 0z., and 1 Ib. jars. 


May we send Samples and literature? 
DESITIN CHEMICAL COMPANY @ 70 Ship Street, Providence 2, R.I. 


1. Overall, J. C.: Southern M. J. 47:789, 1954. 2. Editorial: New England J. M. 246:111, 1952. 
3. Grayzel, H. G., Heimer, C. B., and Grayzel R. W.: New York St. J. M. 53:2233, 
4. Heimer, C. B., Grayzel, H. G., and Kramer, B.: Archives of Pediatrics 68:382, 1951. 
Behrman, H. T., Combes, F. C., Bobroff, A., and Leviticus, R.: Ind. Med. & Surg. 18:512, 1949. 


6. Turell, R.: New York St. J. M. 50:2282, 1950. 
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Sustained 


8 hours 


medication 


with a 


predictable 


release rate 


SUSTAINED MEDICATION TABLETST 


The Wynn S.M. process 1s distinctive in that it 
provides an even, continuing release of medication 
over a period of 8 to 10 hours, with therapeutic 
effectiveness to 12 hours. The action of the medi- 
cation is maintained at the optimum therapeutic 


Dura-Tab S.M. Tablets are sup- 
plied in a number of formulas: 


Homatal 
Homatropine methylbromide gr. 


level. Clinical tests over the last 2 years have Premnhartite! 1 gr. 
proved the value of this new type of therapy. Dexatal No. 1 
Dura-Tab S.M. Tablets do not have a series of é natin Sulfate 15 mg. 
enteric coatings, nor are they coated granules. Phenobarbital 4 gr. 
This new process assures a constant, predictable Dexatal No. 2 
release of the medication, with no ‘“‘up-and- d-Amphetamine Sulfate 10 mg. 
Phenobarbital gr. 


down” effects. 
Dextro-Amphetamine Sulfate 
in 15 mg. and 10 mg. Dura-Tab 


Samples and literature on request S.M. Tablets 


Wynn Pharmacal Corporation 
5111-25 West Stiles Street, Philadelphia 31, Pa. 


*T.M. Reg. tPat. applied for 
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FOR SUPERIOR 


Polycycline—available in many dosage forms—affords signifi- 
cant clinical advantages in broad-spectrum antibiotic therapy: 


EFFECTIVE IN BROAD RANGE 
— against Gram-positive and Gram-negative organisms, certain 
rickettsiae and large viruses. 


GREATER TOLERANCE 
— markedly lower incidence and severity of adverse side effects. 


GREATER SOLUBILITY 


—than chlortetracycline, yielding quicker absorption and in- 
creased diffusion in body fluids and tissues. | 


GREATER STABILITY 
—in solution than chlortetracycline or oxytetracycline, assuring 
higher, more sustained blood levels. 


Polycycline is a tetracycline produced by the unique Bristol process of 
direct fermentation. Its basic structural formula is free of a chlorine 
atom (present in chlortetracycline), and of an hydroxyl group (present 
in oxytetracycline). 
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IN ANZIBIOTIC THERAPY 

EFFECTIVE, 
SAFER, MORE | 
SUSTAINED ACTION 
WITH THIS NEWEST 
BROAD-SPECTRUM 

ANTIBIOTIC 
POLYCYCLINE 
- AQUEOUS ‘250’ or ‘125’ 

An aqueous suspension ready to use 
without reconstitution. Stable for 18 
CLINE months without refrigeration. Highly 
Ay palatable, cherry flavor. As calcium 
ig tetracycline equivalent to 250 mg. (or 
ait” 125 mg.) tetracycline HCI per 5 cc.; 
phe in bottles of 1 fl. oz. 

: 
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POLYCYCLINE 
SUSPENSION WITH 
TRIPLE SULFONAMIDES 


Coconut oil suspension of 
tetracycline with three 
sulfonamides. In concen- 
tration of 125 mg. tetra- 
cycline HCl with 167 mg. 
each of sulfadiazine, sul- 
famerazine and sulfameth- 
azine per 5 cc.; in bottles 


LABORATORIES INC. 


POLYCYCLINE 
AQUEOUS 
PEDIATRIC DROPS 
As calcium tetracycline equivalent 
to 100 mg. tetracycline HCl 

per cc.; in bottles of 10 cc. with 
dropper calibrated 

at 25 mg. and 50 mg. 


SYRACUSE. NEW YORK 


POLYCYCLINE 
PEDIATRIC DROPS 


For accurate dosage in small 
amounts. In concentration of 100 
mg. tetracycline HCI per cc.; in 
bottles of 10 cc. with dropper 
calibrated for administration of 
25 mg. or 50 mg. 


When you think of tetracycline, think of 


POLYCYC 


POLYCY CLINE 
Pediatric Oreo! 


POLYCYCLINE 
INTRAMUSCULAR 


POLYCYCLINE POLYCYCLINE For deep intramuscu- 
SUSPENSION ‘250’ v4 CAPSULES lar injection. In single- 
Oe dose vials of 100 mg. 
A really palatable oil sus- seed Handy form for oral tetracycline HCl per 
pension, requiring no dilu- in potencies vial. 
tion or reconstitution. of tetracycline HCI. In 
Needs no refrigeration — i E capsules of 100 mg.; in POLYCYCLINE 
stable for 18 months. In nA bottles of 25 and 100. OINTMENT 
concentration of 250 mg. in WITH 2% XYLOCAINE * 
tetracycline HCI per 5 cc.; in’ bottles of 16 an 
in bottles of 1 fl. oz. 30 mg. tetracycline 


HCl with 20 mg. 
Lidocaine (as the base), 
per gram. 
POLYCYCLINE 
OPHTHALMIC 
OINTMENT 

WITH 2% XYLOCAINE* 
—10 mg. tetracycline F 
HCl with 20 mg. ; 
Lidocaine (as the base), 
per gram. 


*@ OF ASTRA PHARM. 
PROD. INC. FOR 
LIDOCAINE. 
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ment, particularly the relief of 


On the Benefits of 


(the alseroxylon fraction of India-Grown Rauwolfia Serpentina, Benth.) 


for the Hypertensive 


TRANQUILIZING 


Rauwiloid produces a tranquilizing effect uncomplicated by 
dizziness and accompanied by improvement in quality and 
duration of natural nocturnal sleep. This tranquilizing action 
begins in a few hours and reaches its peak in a few days. 


SEDATIVE BUT NOT SOMNOLESCENT 


A feeling of well-being is induced within 24 to 48 hours. 
Geriatric patients become less cantankerous; younger patients 
are better able to cope with the stress of daily living—without 
significant effect on alertness or productive capacity for work. 


BRADYCROTIC 


If tachycardia is present slowing of the pulse is noted after 
two or three days on Rauwiloid. This is especially appreciated 
when cardiac consciousness is part of the clinical picture. 


These actions of Rauwiloid are of definite benefit in every grade of 
hypertension; the more so since Rauwiloid is particularly suited for 
long-term chronic administration, and is virtually free from side 

actions and allergenic toxicity. The beneficial influence of Rauwi- 
loid bolsters the hypotensive action of potent drugs, making them 
effective in lower dosage and greatly reducing their undesirable 
side actions. 


DOSAGE: —_ two 2mg. tablets at bedtime. 
P fall effect, one tablet usually suffices. 


Rauwiloid is a mixture of therapeutically de- 
sirable alkaloids, the alseroxylon fraction, ex- 
tracted by an exclusive Riker process, and only 
from roots of Rauwolfia serpentina, Benth., 

grown in India. Besides reserpine, Rauwiloid 
contains other active alkaloi , for example, 


LOS ANGELES, CALIF. 


rescinnamine. 

i968. t, M.B., et al.:. California . 
“The symptomatic Med. 81:412 (Dec.) 1984. 
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Livesay, W.R., et al.: J.A.M.A. 
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“Its [Rauwiloid’s] relaxing ac- 
tion may be responsible in ont 
for the marked symptomatic re- 
lief it affords, y in anx- 
ious, neurotic, hypertensive 
patients. 

R. Mississippi 

Doctor 30:359 (Apr.) 1953. 
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‘For many years the natives of 


the Dutch Indies have used the 
squeezed juice of the Curcuma in 
the treatment of diseases of the 
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Gallogen (gal-o-jen) is the Massengill name for 
the synthesized active principle of the ancient drug 
Curcuma. The isolation and synthesis of the active 
principle permits the administration of a pure, 
standardized form of the drug. Gallogen is a true 
choleretic, not a bile salt. 


>t Gallogen acts directly on the hepatic cells. It : 
dk stimulates the flow of bile which is whole in volume 4 
Che and composition. The choleresis is in proportion 
to the functional capacity of the liver and is prompt 
and lasting. 


Gallogen is indicated whenever it is desirable 
to increase the flow of bile, encourage activity 
of the gallbladder and promote normal function 
of the biliary system. 
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Supply: in bottles of 100 and 1000 tablets containing | 
75 mg. of the diethanolamine salt of the mono-d-cam- | 
phoric acid ester of p-tolylmethyl carbinol. 


THE S. E MASSENGILL COMPANY, Bristol, Tennessee 
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in varicose vein 


complications... 


striking relief 


of signs and symptoms 


MY-B-DEN’ 


(adenosine-5-monophosphate) ischo 
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ulcers begin to heal! 

pain and burning disappear!* 

pruritus subsides! 

edema, erythema, and tenderness decrease!’ 


Administration: MY-B-DEN may be administered 
in the office, hospital or home, 1 cc. (20 mg. or 
100 mg.) intramuscularly three times weekly or as 
needed. The site of injection is the upper 

outer quadrant of the buttock. 


Supplied: Sustained-Action MyY-B-DEN (in gelatine 
solution): 10 cc. vials in two strengths, 20 mg. per cc. 
and 100 mg. per cc. adenosine-5-monophosphate 

as the sodium salt. 

Also available: My-B-DEN (NOT Sustained-Action) 
in ampules and sublingual tablets. 


References: (1) Lawrence, E. D.; Doktor, D., and Sall, J.: 
Angiology 2:405, 1951. (2) Rottino, A.; Boller, R., and Pratt, 
G. H.: Angiology 1:194, 1950. (3) Boller, R.; Rottino, A., 
and Pratt, G. H.: Angiology 3:260, 1952. (4) Pratt, G. H.: 
Surg. Clin. North America 33 :1229, 1953. 
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establishing 
desired 


eating patterns 


and the 60-10-70 Basic Diet 


Correct medication is important in initiating control 
that leads to development of good eating habits, 
essential in maintaining normal weight.!:?" 


Obedrin contains: 


Methamphetamine for its anorexigenic and mood- 
lifting effects. 

Pentobarbital as a corrective for any excitation 
that might occur. 

Vitamins B, and B, plus niacin for diet supple- 
mentation. 

Ascorbic acid to aid in the mobilization of tissue 
fluids. 

Obedrin contains no artificial bulk, so the hazards 
of impaction are avoided. The 60-10-70 Basic Diet 
provides for a balanced food intake, with sufficient 
protein and roughage. 


Formula: 


Semoxydrine HCI (Metham- 
phetamine HCl) 5 mg.; Pen- 
tobarbital 20 mg.; Ascorbic 
acid 100 mg.; Thiamine HCl 
0.5 mg.; Riboflavin | mg.; 
Niacin 5 mg. 


1. Eisfelder, H. W.: Am. Pract. 
Dig. Treat., 5:778 (Oct.) 

1954. 

2. Sebrell, W.H.,Jr.:J.A.M.A., 

152:42 (May) 1953. 

3. Sherman, R.J., M.D.: Med- 

ical Times, 82:107 (Feb.) 1954. 
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60-10-70 Diet pads, Weight Charts, ; | 
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Each Entozyme 

‘tablet-within-a-tablet’ contains: 

—in its gastric-soluble outer 

coating . Pepsin, N.F. 250 mg. 

—in its enteric-coated 

core Pancreatin, U.S.P. 300 mg. 
Bile salts 150 mg. 
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Supplied as Powder 
‘Carbo- Resin,’ Flavored, 
8-Gm. packets (in pack- 
ages of 24) and 1-lb. bot- 
tles; ‘Carbo-Resin,’ Un- 
flavored, 1-lb. bottles. 


(CARBACRYLAMINE RESINS, LILLY) 


. . . safely, efficiently blocks the ab- 
sorption of sodium in the intestine 


In many cases of edema, ‘Carbo-Resin’ alone has proved 
satisfactory. In more severe cases, it lessens the need for 
diuretics by retarding the development of edema. In addition, 
‘Carbo-Resin’ may be lifesaving in patients who have become 
resistant to diuretics or have an idiosyncrasy to mercury. 


‘Carbo-Resin’ provides an easy, pleasant way to restrict so- 
dium intake. Send for booklet of kitchen-tested recipes that 
incorporate tasteless ‘Carbo-Resin,’ Unflavored. 


ELI LILLY AND COMPANY ee INDIANAPOLIS 6, INDIANA, U. S&S. A. 
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Editorial 


Subacute Bacterial Endocarditis: Optimal 


Duration of Treatment 


FTER a dozen years’ experience with anti- 
biotic therapy of subacute bacterial 
endocarditis certain points have been 

established: (1) Penicillin is usually much more 
effective than other antibiotics. (2) Moderately 
large doses should be given. (3) The period of 
chemotherapy must be of some length. ‘The aim 
of this editorial is to consider the evidence bear- 
ing on the last point, the optimal duration of 
antibiotic treatment. 

It may be recalled that when penicillin first 
became available, distribution to physicians in 
the United States was the responsibility of the 
National Research Council’s Committee on 
Chemotherapy. In view of great demand and 
limited supply, this Committee released penicil- 
lin with the recommendation that specific doses 
be employed. Initially the quantity allocated 
for treatment of a case of bacterial endocarditis 
was 4,200,000 units, to be given either at the 
rate of 300,000 units daily for fourteen days or 
200,000 units daily for twenty-one days. ‘These 
schedules of treatment achieved successful 
results in at least half of the patients treated.! 
Soon it became apparent, however, that some 
infections required more intensive therapy; 
consequently, as supplies became more plentiful 
there was a tendency to give larger doses for 
longer periods of time. 

In 1948 Keefer presented to the Association of 
American Physicians an analysis of the results of 
450 cases collected by the Committee on Chemo- 
therapy, together with 26 cases personally ob- 
served.? The following two sentences are taken 


1 Means, M., Harris, W. and FInLanp, M. The treat- 


ment of subacute bacterial endocarditis with penicillin. - 


New England J. Med., 232: 463, 1945. 

2 KEEFER, C. S., ANDERSON, D. G. and Hewitt, W. L. 
End results in the treatment of bacterial endocarditis. 
Tr. A. Am. Physicians, 61: 112, 1948. 


from that report: “‘It has been demonstrated that 
the largest number of patients (75 to 80 per cent) 
recover following an initial course of 500,000 
units of penicillin daily for eight weeks. When 
less than 500,000 units are given daily, and treat- 
ment is continued for less than eight weeks, then 
the relapse rate is high and the number that 
recover is decreased (60 to 70 per cent).’’ This 
statement undoubtedly has had considerable 
influence on our practice in the treatment of 
bacterial endocarditis during the succeeding 
years. Many physicians believe that the safest 
course is to continue chemotherapy in all cases 
for six to eight weeks. Finland, in a recent com- 
prehensive review,’ accepts the view that “‘large 
doses must be given continuously over long 
periods,”’ and states further that, “‘although large 
doses given for short periods have sometimes 
proved effective and have been suggested as a 
useful form of administration, this method has 
also been tried and found wanting in many 
cases.’ ‘The evidence cited consists of the reports 
of Hamburger and Stein‘ and of King et al.,° 
both of which will be discussed here in some 
detail. 

There is no doubt that some cases of subacute 
bacterial endocarditis can be cured by com- 
paratively short courses of penicillin therapy. On 
various occasions treatment had been discon- 
tinued after only ten to fourteen days for one 
reason or another, yet the infection was found to 

3 FINLAND, M. Treatment of bacterial endocarditis. 
New England J. Med., 250: 372, 1954. 

* HAMBURGER, M. and Stern, L. Streptococcus viridans 
subacute bacterial endocarditis. Two week treatment 
schedule with penicillin. J. A. M. A., 149: 542, 1949. 

5 Kinc, F. H., Scunererson, S. S., Sussman, M. L., 
Janowitz, H. D. and STo__erRMAN, G. H. Prolonged 
moderate dose therapy versus intensive short term 


therapy with penicillin and caronamide in subacute 
bacterial endocarditis. J. Mt. Sinai Hosp., 16: 35, 1949. 


+3 
i 


2 Editorial 


have been eradicated. In 1949 Hamburger and 
Stein reported their experience with twelve pa- 
tients each of whom had been treated for two 
weeks, 15,000,000 or 16,000,000 units of peni- 
cillin being given daily either by continuous 
intravenous injection or by intermittent intra- 
muscular injection. There were two deaths in the 
series, neither one due to continuing infection: 
two patients had relapses within one month but 
were successfully retreated according to the same 
schedule; the remaining eight had been cured 
by the first course of treatment. Hunter in 1952 
mentioned five patients, all of whom had re- 
sponded satisfactorily to treatment consisting of 
2,500,000 units of penicillin and 2 gm. of 
streptomycin daily for only ten days.® 

Hunter had shown by laboratory experiment 
that streptomycin enhances the _ bactericidal 
effect of penicillin on enterococcus and on some 
of the other nonhemolytic streptococci. Robbins 
and Tompsett confirmed the effectiveness of this 
combination in the therapy of enterococcus 
infection.’ Although its value is less certainly 
established in endocarditis caused by other 
kinds of streptococci, many clinicians have 
adopted the practice of employing it in all cases 
involving nonhemolytic streptococci. 

Let us now examine the main pieces of 
evidence that have provided the basis for belief 
that long courses of therapy are safest for the 
treatment of all cases. 

1. The conclusion of Keefer and his associates, 
based on analysis of the early cases treated under 
supervision of the Committee on Chemotherapy, 
has already been mentioned. It should be 
noted that the data were obtained during early 
experiences with penicillin when doses were 
small, as measured by present standards, and 
that the combination of streptomycin with 
penicillin was not then being used. 

2. Cates and Christie in 1951 reviewed their 
experiences with more than 400 patients treated 
in Great Britain under the auspices of the 
Medical Research Council.* In early trials an 
experiment to assess the importance of duration 
of treatment was conducted on three groups of 
patients, all of whom received a total dose of 


6 Hunter, T. H. The treatment of some bacterial 
infections of the heart and pericardium. Bull. New York 
Acad. Med., 28: 213, 1952. 

7 Rossins, W. C. and Tompsett, R. Treatment of 
enterococcal endocarditis and bacteremia. Am. J. Med., 
10: 278, 1951. 

8 Cates, J. E. and Curistiz, R. V. Subacute bacterial 
endocarditis. Quart. J. Med., 20: 93, 1951. 


5,000,000 units. Those in one group were given 
1,000,000 units daily for only five days; treat- 
ment failed in 83 per cent. Patients in the second 
group received 500,000 units daily for ten days; 
50 per cent were failures. Those in the third 
group received 250,000 units daily for twenty 
days and only 22 per cent were failures. This 
demonstrates clearly the importance of duration 
of therapy in determining outcome; however, 
treatment periods employed in the early trials 
may not be applicable to present-day practice 
because of the small amounts of penicillin given 
and because streptomycin was not being used 
as an adjuvant. 

3. The clinical experiment of King et al.,° 
carried out in 1948, is of great interest and its 
result also has had considerable influence. The 
purpose of the experiment was to determine the 
effectiveness of massive antibiotic therapy given 
for a period of ten days. Eight patients infected 
with organisms sensitive to penicillin were in- 
cluded in the study. Each one received ten rapid 
intravenous injections of 1,000,000 units of 
penicillin at hourly intervals each day; during 
the remainder of the twenty-four hour period 
four additional intramuscular injections of 
1,000,000 units were given. Thus the total 
quantity of penicillin administered to each 
patient was 14,000,000 units per day. In order to 
increase the already high tissue levels of penicil- 
lin, caronamide was given. The results obtained 
were extraordinarily poor; only one of the eight 
patients was cured, yet four of the remaining 
seven later responded satisfactorily to treatment 
consisting of 400,000 to 900,000 units daily for 
five or six weeks. The authors discussed possible 
reasons for the failure of the intensive course of 
therapy and reached the conclusion that the 
short duration of treatment was the principal 
factor. Other writers have agreed.?:* 

However, another possibility was mentioned 
by King et al., namely, that the penicillin levels 
obtained may have exceeded the concentration 
which provides for optimal bactericidal effect. 
They refer to Eagle’s preliminary report that 
such a paradoxical ‘‘zone”’ effect can be demon- 
strated in vitro. Eagle has since amplified his 
observations,*:!° and there is some basis for the 


9 EAGLE, H. and Mussretman, A. D. The rate of bac- 
tericidal action of penicillin in vitro as a function of its 
concentration, and its paradoxically reduced activity at 
high concentrations against certain organisms. J. Exper. 
Med., 88: 99, 1948. 

10 EAGLE, H. Further observations on the zone phe- 
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belief that this may explain failure of treatment 
in many of the cases under consideration. Eagle 
showed that when the concentration of penicillin 
in a medium is elevated beyond a certain zone 
the bactericidal effect is sharply curtailed. He 
found also that the diminution of the bactericidal 
effect of too high concentrations persists for 
hours after the organisms have been transferred 
to a medium containing quantities of antibiotic 
optimal for bactericidal action. 

Thus these patients might not have benefited 
from the more conventional dosage schedule 
during that part of each day when the intra- 
muscular injections were being given. Also 
noteworthy is the fact that the only patient 
whose infection was eradicated initially was the 
one harboring the organism most resistant to 
penicillin. The fact that some cases of bacterial 
endocarditis have required treatment with 
doses of penicillin as high as or higher than 
14,000,000 units per day does not invalidate this 
hypothesis since in such cases the high dosage 
has only been resorted to after smaller quantities 
have been found ineffective, indicating con- 
siderable resistance on the part of the infecting 
organism. The ‘‘zone’? phenomenon has gen- 
erally been regarded as having little clinical 
significance. In the case of bacterial endocarditis, 
however, we are dealing with an infection in 
which such an effect might be anticipated be- 
cause bactericidal action of the chemothera- 
peutic agents appears to be all-important. 

It would appear, then, that we are now Jjusti- 
fied in re-opening the question of necessity for 
prolonged antibiotic treatment in all patients 
with this disease. Some tendency to shorten the 
average course of therapy is already evident. 
Reports on treatment of bacterial endocarditis 
from various clinics indicate that discontinuance 
of treatment at the end-of twenty-one to thirty 
days is not unusual. Geraci states that fifteen 
selected patients, all with penicillin-sensitive 
organisms, were treated for only ten to fourteen 
days with a penicillin-dihydrostreptomycin com- 
bination and satisfactory results were obtained. ?! 


nomenon in the bactericidal action of penicillin. J. Bact., 
62: 663, 1951. 

11 Geraci, J. E. Antibiotic therapy of bacterial endo- 
carditis. u. Current trends in the treatment of subacute 
bacterial endocarditis. Minnesota Med., 35: 861, 1952. 
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Review of our experience at the New Haven 
Hospital in the past two years, during which the 
penicillin-streptomycin combination was used in 
all cases, reveals that only two of eighteen pa- 
tients were treated for as long as forty-two days, 
therapy being stopped in twenty-one to thirty 
days in fifteen, and after fourteen days in one 
patient. There is no record that relapse of the 
infection occurred in any of these patients. 

It is probable that selection can be made of 
patients who may be expected to respond satis- 
factorily to treatment maintained for only two to 
four weeks. Two principal criteria for such 
classification would be short duration of illness 
and an infecting organism sensitive to penicillin. 
A further indication would be prompt clinical 
improvement after the inception of antibiotic 
treatment. Conversely, there are criteria which 
indicate advisability of prolonged treatment. 
These include: (1) Long duration of illness 
before beginning of therapy; it is generally 
agreed that when symptoms have been present 
for more than two to three months cure by 
chemotherapy is considerably more difficult. 
(2) Infecting organism relatively insensitive to 
penicillin, as in the case of enterococcus infection. 
(3) Patients without demonstrable bacteremia; 
diagnosis may be delayed in such cases, and the 
effect of penicillin may be impaired by the fact 
that colonies of bacteria are situated deep in the 
vegetations, inaccessible to both antibiotics and 
phagocytes. 

The physician who accepts responsibility for 
management of a case of bacterial endocarditis 
must maintain a close follow-up for evidence 
of relapse, particularly during the first month or 
two. A relapse, while certainly not desirable, is 
not necessarily disastrous, as re-treatment may 
yet be successful. There is not much likelihood 
that significant alteration in penicillin-sensitiv- 
ity will occur. In a disease of such gravity 
conservatism is certainly proper, and all would 
agree that any error should be in the direction of 
overly long treatment. Nevertheless, there are 
grounds for suggesting that in selected cases 
antibiotic therapy can safely be terminated after 
two to four weeks. This would mean consider- 
able saving to the patients in terms of discomfort 
and expense. 


PauL B. BEESON, M.D. 
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Clinical Studies 


Influence of Gonadal Hormones on Protein- 


Lipid Relationships in Human Plasma’ 


EL_LtA M. Russ, Howarp A. EDER, M.D.ft and Davip P. BARR, M.D. 
with the technical assistance of Julie Raymunt 


New York, New York 


ARLIER studies reported from this labora- 
tory have emphasized the influence of 
sex on protein-lipid relationships in 

human plasma. Using the Cohn protein micro- 
fractionation method, Russ, Eder and Barr! 
have shown that normal young women have a 
relatively greater amount of alpha lipoprotein 
and a correspondingly smaller amount of beta 
lipoprotein than do normal young men, a dis- 
tinction that is no longer apparent after the 
period of the menopause. This work has since 
been confirmed by others with electrophoretic 
and ultracentrifugal methods.?~4 Jones and his 
associates® have shown that certain lipoproteins 
having a density of S,; 10-100 in the ultra- 
centrifuge are in lower concentration in the 
plasma of young women than in that of young 
men. 

These observations are of considerable inter- 
est because of their possible relevance to the 
pathogenesis of atherosclerosis, and particularly 
since it is generally known that in young women 
myocardial infarctions seldom develop.*~* 

Investigation of the action of gonadal hor- 
mones which was begun in our laboratory in 
1951 was stimulated by the previous demon- 
stration of sex differences in the distribution of 
lipoproteins. It was encouraged by the report 
of Eilert in 1949° that estrogens administered 
to premenopausal and postmenopausal women 
cause reduction in both cholesterol concentra- 
tion and cholesterol-phospholipid ratios of 
plasma. Some preliminary observations from 
our early studies on the influence of estrogens 
were published in 1952 and 1953.!%!! ‘The 


results obtained from administration of andro- 
gens have been mentioned briefly elsewhere. !” 
This report is a more detailed presentation of 
data that have accumulated over a period of 
three years. 


METHODS 


Plasma proteins were separated by method 
No. 10 of Cohn and his associates!* in which 
alpha lipoproteins are recovered in Fraction 
1v+v+vi and beta lipoproteins in Fraction 
1+. Analyses for protein, cholesterol and 
phospholipids were made in_ unfractionated 
plasma and in Cohn fractions 1v+v-+vI, UI, 
and 1+1. The methods of fractionation and 
analyses have been described in a _ previous 
paper of this series. ! 


I. Effects of Estrogens 


A. Action of Estinyl® (Ethinyl Estradiol) in 
Survivors of Myocardial Infarction. ‘The first tests 
of the action of estrogens were made on sur- 
vivors of myocardial infarction who were 
selected for two reasons. The group was com- 
posed chiefly of males who presumably had 
minimal amounts of circulating estrogens before 
treatment. Moreover, previous observations!‘ 
had shown that such patients usually exhibited 
abnormalities in plasma protein-lipid patterns of 
a degree that should facilitate detection of any 
corrective action of the hormones. 

For several reasons the estrogen, ethinyl 
estradiol (estinyl), was chosen for initial trial. 
Previous experience with its use had been con- 
siderable; it could be given by mouth; its toxic 


* From the Department of Medicine, ‘The New York Hospital-Cornell Medical Center, New York, New York. 
These studies have been aided by a grant from the U. S. Public Health Service, by support from the Commonwealth 
Fund and the Albert and Mary Lasker Foundation, and by gifts from Mrs. Katherine Lilly Conroy. 

+t Present address: National Heart Institute, Bethesda, Maryland. 
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action had been minor. A daily dose of 1.0 mg. 
calculated as equivalent to 10,000 rat units!® 
was used routinely except as otherwise specified. 
Choice of this dosage was arbitrary but was 
based on the intention of making the first tests 
of action as decisive as possible. When the dose 
was found to be effective, it was continued with 
little modification in order to make subsequent 
observations comparable. 

In Table 1, the results of the use of estinyl in 
seven survivors of myocardial infarction have 
been assembled. All of the patients had had one 
or more myocardial infarctions. 

Before treatment the plasma of all subjects 
exhibited significant deviations from normal 
protein-lipid relationships. In two of them the 
concentration of cholesterol in unfractionated 
plasma exceeded the normal range. In all the 
percentage of total cholesterol in Fraction 
1v-+v-+vVI was lower, and that in Fraction 1+11 
higher, than normal. There was a tendency in 
the group toward slightly higher than normal 
cholesterol-phospholipid ratios in the unfrac- 
tionated plasma and in Fraction 1+11. 

Following the ingestion of estinyl the abnor- 
malities in protein-lipid relationships were 
partially or completely corrected. ‘The most 
constant and characteristic effect was a change 
in the distribution of cholesterol, with a higher 
percentage of the total in Fraction 1v+v-+v1. In 
the unfractionated plasma, reduction of the 
concentration of cholesterol was evident in five 
of the seven patients and was relatively greater 
than that of the phospholipids. In Fraction 
1v+v+vI concentrations of cholesterol and 
phospholipids tended to increase proportion- 
ately so that the ratios of the Fraction were not 
appreciably changed. In Fraction 1+m, how- 
ever, the diminution in the cholesterol concentra- 
tion so far exceeded that of the phospholipids 
that the ratios were lowered and in several 
instances were less than unity. 

In inspection of the results, it should be noted 
that the cholesterol-phospholipid ratios of 
unfractionated plasma reflect both the altered 
distribution of lipids and the lower ratio of 
Fraction 1-+11. Since both of these factors tend to 
reduce the ratio in plasma, the change in this 
value constitutes a good index of the effect of the 
hormone. 

Mean values before and after hormone ad- 
ministration are omitted because variations in 
dosage, duration of treatment, and other cir- 
cumstances of the experiments render invalid 
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strict comparison of individual results. At the 
foot of ‘Table 1, however, mean values for young 
men aged eighteen to thirty-five have been 
included for convenient comparison with the 
initial values for the survivors of myocardial 
infarction and with those obtained following the 
administration of estinyl. 

As previously reported!® maximum effects of 
estinyvl were attained approximately six weeks 
following the initial dose of the hormone. 
Thereafter, the action continued with slight 
variation but without significant augmentation. 

The longest continuous administration of 
estinyl in amounts of 1.0 mg. daily was ap- 
proximately six months. When the use of 
estinyl was continued over long periods without 
interruption, there was no evidence of diminu- 
tion of effect, acquisition of tolerance, or of 
resistance to the hormone. 

Changes following withdrawal of the hormone 
are also illustrated in the table. At first, the 
concentration of total cholesterol in the plasma 
and in Fraction 1+ 11 rose rapidly and at times 
exceeded the pretreatment levels. Within a 
period of two or three weeks, the values returned 
to a pattern almost identical with that seen 
before treatment. 

Comment: The gonadal effects of the hormone 
were evident in all cases. Loss of sexual desire 
and potency were noted early; after three to 
four weeks, enlargement of the breasts was 
noticeable and impotence became complete. 
Usually, the patients were restless, often they 
were dissatisfied, and they were depressed dur- 
ing the periods when estinyl was administered. 
In a few instances, gastric distress or nausea 
was troublesome at the outset of treatment but 
subsided with its continuance. 

In those patients who had experienced anginal 
pain before the hormonal administration was 
started, no consistent effect of the hormone could 
be established. One patient (Joh) had an attack 
of moderately severe pain accompanied by 
electrocardiographic evidence of myocardial 
infarction while the hormone was being given. 
Another (Gre) developed a fatal infarction one 
month after hormonal treatment had _ been 
discontinued. It is perhaps worthy of mention 
that none of these patients of outstandingly 
poor prognosis died during the long periods of 
administration of the hormone. 

In this study interest was focused upon one 
group of men who had survived myocardial 
infarction. Oliver and Boyd?® have recently 
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reported similar results with the use of only 
0.4 mg. estinyl daily‘.in twenty hypercholes- 
terolemic men with coronary heart disease. 
They noted also that the decrease in concentra- 
tion of cholesterol was entirely in the esterified 
fraction and that content of free cholesterol was 
unchanged by the hormone. In four of the seven 
cases in which cholesterol partitions were per- 
formed, we found that the free cholesterol 
decreased with the total. The average of the 
free to total ratios before and after was not 
significantly altered. 

Our observations offer no information con- 
cerning the action of estinyl in women. The 
studies of Eilert®: indicate that similar effects 
on cholesterol concentration and cholesterol- 
phospholipid ratios were obtained following the 
use of estinyl in both pre- and postmenopausal 
women. 

B. Action of Estinyl (Ethinyl Estradiol) in 
Primary Hypercholesterolemic Xanthomatosis. In 
the previous group of patients, the occurrence of 
myocardial infarction was interpreted as clinical 
evidence of the presence of atherosclerosis. 
None of the cases, however, was an extreme 
example either clinically or chemically of 
predisposition to a deposit of lipids in the arterial 
walls or in other tissues. To study the effect of 
estinyl under circumstances in which maximum 
susceptibility to atheromatous disease is clinically 
and chemically evident, patients with pri- 
mary hypercholesterolemic xanthomatosis were 
selected. Results of seven such cases are presented 
in Table un. All of them were hypercholes- 
terolemic and exhibited in exaggerated form 
deviations from normal patterns of protein-lipid 
relationships. Six of the group gave a history of 
xanthomatous involvement in other members of 
the family. Two (Tel and Gef) had suffered 
attacks of myocardial infarction, and only three 
(Pol, Sen and Wol) of the seven had been entirely 
free of symptomatic or electrocardiographic 
evidence of coronary heart disease. One of the 
patients (Sen), whose case will be described later 
in more detail, exhibited in addition to hyper- 
cholesterolemia a degree of hyperlipemia which 
brought into question the correctness of his 
inclusion in the group of primary hyper- 
cholesterolemic xanthomatosis. It could be 
contended that his condition should be classified 
as essential hyperlipemia. 

Estinyl was given to six of these patients in the 
same dosage as was used for the survivors of 
myocardial infarction. Observations were made 


during periods when there were no perceptible 
variations in the clinical state. In the seventh 
patient (Jel), 2.0 mg. daily by mouth was sub- 
stituted during a short period for the routine 
1.0 mg. dose. Chronic cardiac decompensation 
with acute episodes of myocardial infarction, 
thrombophlebitis and pulmonary infarction 
complicated the period of experimental observa- 
tion. The history of this patient has been pub- 
lished in detail elsewhere.!* In Sen, lack of co- 
operation led to irregularity and to some 
uncertainty as to the exact dosage during the 
first period of administration. 

Following the use of estinyl there was in the 
group but not in all its individuals a tendency 
toward reduction in the concentration of 
cholesterol in the unfractionated plasma and in 
Fraction 1+11. As in the group of myocardial 
infarctions, the most constant change following 
the administration of estinyl was a shift in the 
distribution of cholesterol, with relative increase 
in Fraction 1v-+v-+vi and corresponding de- 
crease in Fraction 1+11. In general the reduction 
in the concentration of phospholipids in Fraction 
1+11 and in the unfractionated plasma was 
less than that of cholesterol, with resulting 
diminution of the cholesterol-phospholipid ra- 
tios\ In Fraction 1v-+v-+v1 the change in con- 
centration of cholesterol and phospholipids was 
usually proportional, so that the ratios varied 
little from pretreatment values. 

In the case of Tel, judgment concerning the 
effects of estinyl was difficult because his clinical 
condition during the period of observation was 
constantly varied by the progress of his heart 
disease. Even in his case, however, the effects 
were perceptible. ‘The percentage of cholesterol 
in the form of alpha lipoprotein was substantially 
increased, and that in the form of beta lipo- 
protein was correspondingly diminished. Choles- 
terol-phospholipid ratio in the plasma and in 
Fraction 1+1 was lower. It is noteworthy that 
in this case doubling of the usual daily dosage of 
estinyl for a period of seventeen days resulted in 
no augmentation of the chemical effects of the 
hormone. 

Comment: The expected gonadal effects upon 
sexual desire and potency and upon the hyper- 
plasia of the mammary glands were notable in all 
patients after a few weeks of treatment. In 
most cases, other clinical effects of the estinyl 
were confined to some gastric distress and a feel- 
ing of irritability or depression accompanying 
the impotence. Especially in patients with heart 
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failure, administration of estinyl resulted in 
retention of salt and water. In Te/ this may have 
been a factor in the deterioration of his clinical 
ee condition, and it is possible that some of his 
2 attacks of pulmonary edema could be attributed 
to the action of the hormone. 
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with precise measurements before and after 
treatment failed to reveal any significant differ- 
ences in size. In only one patient was it possible 
to demonstrate that estinyl had an effect on the 
xanthomatous deposits. 

Sen was a skilled artisan who for several months 


3 TABLE II 
a EFFECTS OF ADMINISTRATION AND WITHDRAWAL OF ESTINYL IN CASES OF PRIMARY HYPERCHOLESTEROLEMIC 
XANTHOMATOSIS 
Unfractionated Plasma Fraction 1v+v+vI1 Fraction 1+ 11 
Treatment 
Subject, Cholesterol 
Sex and Age Choles- Phospho- Phospho- Choles- Phospho- 
terol lipids C/PI lipids terol lipids C/PI 
; (mg./ (mg./ Ratio (mg./ Ratio (mg./ (mg./ Ratio 
Time (mg./ (% of 
Asien Priv 100 ml.) | 100 ml.) see vt et 100 ml.) 100 ml.) | 100 ml.) 
Tel None oe 623 456 1.36 18 2.9 37 0.48 589 365 1.61 
M, 20 Estinyl 1.0 mg. 19 649 557 1.16 34 5.4 71 0.47 589 441 1.33 
None 34 613 434 1.41 21 3.4 41 0.51 570 354 1.60 
Estiny! 1.0 mg. 27 711 640 1.11 38 §.5 57 0.66 644 543 1.17 
Estinyl 2.0 mg. 14 666 572 1.16 39 6.0 85 0.46 610 455 1.34 
None 19 715 544 41.33 22 aun 49 0.44 662 472 1.40 
M, 26 Estinyl 1.0 mg. 21 332 378 0.88 36 10.9 100 0.36 291 277 1.05 
Estinyl 1.0 mg. 40 302 334 0.90 47 15.7 114 0.41 248 215 1.15 
None 14 360 341 1.05 36 10.2 80 0.46 319 254 $.29 
None 21 340 322 1.05 33 10.1 70 0.47 296 246 1.20 
Hid None ee 506 49 9.7 456 
M, 27 Estiny!] 1.0 mg. 7 372 51 13.6 320 
Estinyl 1.0 mg. 26 384 376 1.02 67 17.4 153 0.44 315 223 1.41 
None 21 485 371 1.30 51 10.4 113 0.45 435 259 1.67 
None 45 457 327 1.39 46 10.1 69 0.66 400 244 1.63 
Bie None as 494 516 0.96 29 5.9 73 0.39 449 425 1.05 
M, 30 None ge% 461 435 1.06 29 6.2 74 0.38 431 360 1.20 
Estinyl 1.0 mg. 21 358 337 1.06 67 19.1 123 0.55 285 211 1.35 
Sen None ee 496 456 1.09 35 ¥en 69 0.51 464 367 1.26 
M, 32 Estinyl 1.0 mg. 16 wis ‘ awe 
Estinyl 0.5 mg. 23 
None 41 610 525 1.16 38 6.5 84 0.45 551 392 1.40 
None 96 626 500 1.25 39 6.3 77 0.51 579 425 1.36 
None 230 597 474 1.26 35 6.0 67 0.52 550 382 1.44 
Estinyl 1.0 mg. 10 424 399 1.06 43 10.0 88 0.49 383 304 1.26 
Estinyl 1.0 mg. 35 426 464 0.92 53 12.4 130 0.41 372 321 1.16 
Estinyl 1.0 mg. 77 487 530 0.92 55 11.4 139 0.39 426 362 1.18 
None 50 504 436 1.16 37 7.2 73 0.50 468 341 1.37 
Gef None “eer 378 369 1.02 21 5.5 60 0.35 354 280 1.26 
M, 44 Estinyl 1.0 mg. 22 342 315 1.08 38 11.6 75 0.51 288 218 i 
Estinyl 1.0 mg. 38 291 338 0.86 35 12.1 95 0.36 249 216 1.16 
: Estinyl 1.0 mg. 50 281 41 14.6 241 
i Estinyl 1.0 mg. 85 365 440 0.83 58 16.2 148 0.39 299 258 1.16 
: Estinyl 1.0 mg. | 108 340 416 0.82 46 13.6 124 0.37 290 265 1.10 
3 None 27 500 oon eee 29 5.7 77 0.38 470 373 1.26 
: Wol None as 400 37 9.2 354 
F, 48 None 424 35 8.5 369 
sf Estinyl 1.0 mg. 14 322 63 19.3 259 
4 Estinyl 1.0 mg. 28 347 58 17.2 279 
c Estinyl 1.0 mg. 57 339 67 19.8 265 
3 None 14 413 52 13.4 328 
a None 58 416 40 9.8 362 


Observations were made on the effect of 
estinyl on the size and extent of xanthomatous 
lesions. In Pol and Bie, plaster casts of lesions 
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had been unable to work because of painful 
xanthomas on his palms and the volar surfaces 
of his fingers. The deposits were accompanied 
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by swelling, redness, heat and marked tender- 
ness. He also had a few tuberous xanthomas on 
his elbows and knees. A single small lesion on an 
extensor tendon of the hand could be outlined. 
In some respects he differed from the other 
patients with xanthomatosis. The florid palmar 
lesions were in contrast to the sparsity of 
xanthomas elsewhere. There was no xanthe- 
lasma. It was noted also that his plasma was 
turbid, in contrast to other members of the 


1D 
Fic. 1. Hands, elbows, and knees of patient Sen before (1A, 1C) and after (1B, 1D) treatment with estiny]. 


group, and that the neutral fat of his plasma, 
with a value of 1,390 mg. per 100 ml., consider- 
ably exceeded the normal values obtained in our 
laboratory (71-335 mg. per 100 ml.). 

During the first course of treatment the lesions 
on the hands, knees and elbows dramatically 
disappeared. Two weeks after he began to take 
estrogen the pain and swelling of his palms were 
improved sufficiently to permit him to resume 
his work. Because he was employed, some time 
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elapsed before he could return for examination. 
In the interval he suffered gastric distress which 
necessitated reduction in the dosage of estinyl 
from 1.0 to 0.5 mg. per day. He became in- 
tensely restive because of his impotence. It 
could not be ascertained whether he had taken 
the hormone regularly, but when he finally 
returned it was thought that he had taken 1.0 
mg. of estinyl each day for thirty-eight days and 
0.5 mg. daily for ten days. 

Deposits in the palms, elbows and knees had 
disappeared, and their former locations were 
distinguishable only by discoloration of the 
skin. In Figure 1, the xanthomatous lesions of 
palms, elbows and knees may be seen before 
and after the administration of estiny]l. 

It is doubtful whether during his subsequent 
course the hormone was taken with any regular- 
ity. After three months of the prescription he 
was ordered to discontinue estinyl. 

Return of xanthomatous lesions of the hands, 
elbows and knees was gradual, and nine months 
without treatment elapsed before the patient 
requested that the use of estinyl be resumed. 
Reinstitution of treatment was followed by 
prompt disappearance of the lipid deposits. The 
hormone was discontinued after two and one- 
half months. Six months later, the lesions were 
again present and troublesome. 

It is remarkable that in this case there was 
such prompt disappearance of lesions, while in 
the others of the group the xanthomas were not 


obviously affected. The result is in accord with — 


other observations that in idiopathic and 
acquired hyperlipemia lesions may be altered 
by diet and in appropriate circumstances by 
administration of insulin or thyroid. 

Although in Sen, as in other members of the 
group, estinyl did not accomplish complete 
restoration of a normal protein-lipid pattern, 
his clinical improvement suggests that in some 
instances partial chemical changes following use 
of the hormone may be an appropriate thera- 
peutic goal. 

C’. Action of Oral Dosage of Premarin® (Estrone 
Sulfate) in Survivors of Myocardial Infarction. It 
was thought desirable to test a hormone closely 
resembling the natural estrogen, estrone; estrone 
sulfate, or premarin, was chosen for trial. It was 
calculated that 15 mg. of premarin contained 
approximately 10,000 rat units and could be 
regarded as approximately equivalent to 1.0 mg. 
of estinyl. Some of the experience with premarin 
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in eight atherosclerotic patients is recorded in 
Table mA. 

All of them had survived one or more myo- 
cardial infarctions, and two (Noc and Yat) had 
been subjects for observations with estinyl. Bat 
had been studied for many years as a case of 
myotonia congenita. 

Various amounts of premarin, from 2.5 mg. 
to 22.5 mg. daily, were used over different 
periods of time. Five of the patients (Gro, Lar, 
Pol, Kap and Bat) received 15 mg. daily for 
significantly long periods. Because of the slight 
response of Gro to this amount, the dosage was 
increased to 22.5 mg. daily for a period of six 
weeks. In the other three cases, smaller amounts 
of the hormone were used. 

From inspection of Table m1A it can be seen 
that the action of premarin is qualitatively 
similar to that of estinyl. (Table 1.) In the 
patients who received a supposedly equivalent 
amount of premarin, essential restoration to 
normal value was obtained in three (Lar, Pol and 
Kap). In Gro, who did not differ in any apparent 
way either clinically or chemically from other 
patients in the group, the effect of 15 mg. daily 
was less than had been expected. There was, 
however, even in this patient an increase in the 
relative amount of cholesterol in Fraction 
Iv+v+vi, a corresponding diminution in 
Fraction 1+1, and a marked decrease in the 
cholesterol-phospholipid ratios of Fraction 1+ 11 
and in the unfractionated plasma. The later 
use of a larger dose of 22.5 mg. did not augment 
the effect. 

Slight chemical changes were observed in Gue 
with 7.5 mg. premarin daily; action was 
demonstrable in Noc with 5.0 mg., but was 
partially lost with a dose of 2.5 mg. daily. 
In Yat, who both before and after the use of 
premarin was shown to be very susceptible to 
the action of estinyl, no response could be 
shown from premarin in daily doses of 2.5 or 
5 mg. 

Comment: ‘The observations on Yat with 
premarin indicate that at least one individual 
sensitive to estinyl was unresponsive to premarin 
in doses that in other patients (Gue and Noc) 
were sufficient to provide easily demonstrable 
chemical change. Symptomatically, the patients 
seemed to tolerate premarin better than estinyl. 
There were fewer complaints of gastric distress, 
nausea and general discomfort. The gonadal 
effects on the breasts, sexual desire and function 


Gonadal Hormones and Plasma Protein Lipids—Auss et al. 


25 


I2 
TABLE III 
EFFECTS OF PREMARIN IN CASES OF MYOCARDIAL INFARCTION 
Unfractionated Plasma Fraction iv+v+v Fraction 1+11 
Cholesterol 
Sex and Date State Chole | Phospho- Phospho- Choles- | Phospho- 
Age terol lipids | C/PI lipids | terol lipids | C/PI 
(mg./ (mg./ Ratio (mg./ | Ratio (mg./ (mg./ | Ratio 
100 ml.) | 100 ml.) (mg./ | (% of | 100 ml.) 100 ml.) | 100 ml.) 
100 ml.) | total) 
A. Oral Administration 
Gro 2/11/52 | No treatment 341 324 1.05 37 11.0 69 0.54 296 212 1.40 
M, 48 5/29/52 | 15 mg. premarin for 15 wk. 340 378 0.90 58 16.9 127 0.48 281 248 7.13 
7/10/52 | 22.5 mg. premarin for 6 wk. 316 360 0.88 44 14.0 132 0.33 270 226 7.19 
7/24/52 | No treatment for 2 wk. 376 397 0.95 39 10.3 ins ae 338 257 1.31 
Lar 4/29/52 | No treatment 201 218 0.92 37 19.2 79 0.47 154 144 1.07 
M, 48 7/24/52 | 15 mg. premarin for 10 wk 780 277 0.66 66 36.7 150 0.44 175 94 1.22 
8/7/52 | No treatment for 2 wk. 210 293 0.72 69 33.0 162 0.43 136 107 1.27 
Noc 4/17/52 | No treatment 330 353 0.93 36 10.6 99 0.36 292 220 1.33 
M, 43 5/1/52 | No treatment 308 32 10.5 266 
7/1/52 | 5 mg. premarin for 9 wk. 240 327 0.73 46 19.2 125 0. 37 195 207 0.94 
7/17/52 | 2.5 mg. premarin for 2 wk. 276 354 0.78 45 16.17 123 0. 37 233 233 7.00 
9/18/52 | No treatment for 9 wk. 276 319 0.87 34 12.1 86 0.40 246 227 1.08 
Gue 4/24/52 | No treatment for 10 wk. 318 336 0.95 69 21.4 126 0.54 249 187 1.33 
M, 42 6/12/52 | 5 mg. premarin for 4 days 308 367 0.84 66 21.4 137 0.48 234 174 1.34 
6/27/52 | 7.5 mg. premarin for 15 290 8&7 29.5 204 
days 
Yat 8/7/53 | No treatment for 6 wk. 347 370 0.94 38 11.4 115 0.33 290 216 1.34 
M, 49 8/28/53 | 2.5 mg. premarin for 3 wk. 330 344 0.96 34 10.7 94 0. 36 283 223 1.27 
10/23/53 | 5.0 mg. premarin for 8 wk. 344 389 0.89 46 13.5 124 O. 37 287 270 1.06 
Pol 2/13/52 | No treatment 193 231 0.84 31 3.7 73 0.42 160 144 :. 33 
M, 52 6/5/52 | 15 mg. premarin for 16 wk. 188 242 0.78 70 37.4 732 0.53 175 123 0.94 
7/11/52 | No treatment for 5 wk. 234 280 0.84 32 14.1 122 0.26 188 157 1.19 
Kap 3/25/52 | No treatment 231 241 0.96 30 13.5 68 0.44 192 156 1.23 
M, 57 4/28/52 | 15 mg. premarin for 5 wk. 220 50 23.2 167 
5/15/52 | No treatment for 1 wk. 194 268 0.72 43 aa.9 96 0.45 146 148 0.99 
Bat 3/31/52 | No treatment 442 402 1.10 32 ie: 60 0.54 398 326 1.22 
M, 51 5/8/52 | 15 mg. premarin for 5 wk. 336 397 0.86 44 72.9 98 0.44 294 280 7.05 
5/22/52 | No treatment for 2 wk. 390 373 1.05 25 6.4 63 0.40 363 300 1.21 
B. Single Intravenous Dose 
Noc | 6/9/53 | No treatment for 19 days 282 322 0.88 37 13.0 85 0.43 242 206 1.17 
venously 
6/10/53 | Blood drawn 24 hr. after 254 280 0.91 28 10.9 75 0.38 230 199 1.15 
injection of premarin 
6/16/53 | No treatment for 7 days 293 308 0.95 38 13.3 90 0.43 249 209 1.19 
7/1/53 | No treatment for 20 days 275 266 1.03 30 11.8 88 0.43 244 197 1.24 
venously 
7/2/53 | Blood drawn 24 hr. after 290 278 1.04 42 13.9 80 Sa 259 197 1.31 
injection of premarin 
7/8/53 | No treatment for 7 days 290 285 1.02 35 11.9 81 0.43 256 205 1.25 
Yat 6/10/53 | No treatment for 40 days 354 289 1.23 44 $2.5 84 —- | 0.53 307 194 1.58 
M, 49 6/10/53 | Premarin 15 mg. intra- ror 
venously 
6/11/53 | Blood drawn 24 hr. after 322 294 1.06 41 12.9 88 0.46 269 194 1.41 
injection of premarin 
6/23/53 | No treatment for 3 days 338 306 1.10 40 11.8 96 0.42 294 209 1.41 
7/1/53 | No treatment for 20 days 336 293 1.15 37 11.0 87 0.49 292 210 1.39 
venously 
7/2/53 | Blood drawn 24 hr. after 372 308 1.21 45 12.0 88 0.53 324 224 1.45 
| injection of premarin 
| 7/7/53 | No treatment for 7 days 375 300 1.25 43 $3.7 87 0.54 320 223 1.43 
Mra 6/30/53 | No treatment 306 282 1.05 37 12.0 83. 0.45 269 199 1.35 
venously 
7/1/53 | Blood drawn 24 hr. after 290 276 1.05 39 13.4 78 0.51 248 189 1.31 
injection of premarin 
7/6/53 | No treatment for 6 days 332 292 3.32 47 14.6 92 0.51 269 200 1.35 


Note: Figures in italics indicate results on days of treatment by oral administration. 
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were indistinguishable when equivalent doses 
were given. 

Partial confirmation of our observations with 
premarin have been furnished by Marett and 
Vivas?4 who observed in twelve survivors of 
myocardial infarction significant reduction in 
concentration of cholesterol and total lipid fol- 
lowing the oral administration of premarin in 
doses of 5 mg. (1.25 mg. four times a day). In 
their series, similar effects from premarin were 
evident in one postmenopausal woman, in two 
cases of mild hypertension without clinical 
evidence of coronary atherosclerosis, in two 
cases diagnosed as atherosclerosis without 
myocardial infarction, and in one patient with 
severe generalized pruritus who presented no 
stigmata of vascular disease. 

D. Action of Intravenous Doses of Premarin 
(Estrone Sulfate). In three survivors of myo- 
cardial infarction, study was made of the action 
of a single intravenous dose of premarin. These 
experiments were prompted by a report of 
Gitman and Greenblatt?® that by means of this 
procedure they were able to diminish the con- 
centration of beta lipoproteins of the S; 12—20 
and 20-100 classes in the serum of a patient with 
coronary insufficiency. 

Our results are shown in Table 1B. ‘Two of the 
subjects (Noc and Yat) had been treated pre- 
viously with estinyl and premarin. The other 
patient (Mra) had not received any estrogen 
therapy. No significant changes were seen to 
follow injection in doses exceeding the amounts 
used by Gitman and Greenblatt. 

Comment: It is obvious that premarin given 
intravenously in single doses of 15 to 20 mg. 
exerted no effect on the concentration or dis- 
tribution of the alpha and beta lipoproteins as 
observed by our chemical methods of separation. 
It should be mentioned, however, that the 
criteria in our experiments and in those of Git- 
man and Greenblatt are quite different, and that 
our experiences cannot be regarded as neces- 
sarily contradictory. 

E. Action of Diethylstilbestrol. ‘The estrogen, 
diethylstilbestrol, was tested in three survivors 
of myocardial infarction for a period of one 
week. Starting with 1.0 mg. during the first 
twenty-four hours and raising the dose by 1.0 mg. 
each day, the total amount for eight days was 
36 mg. Calculated on the basis that 1.0 mg. 
diethylstilbestrol is equal to 1,200 rat units, this 
dosage represented approximately 43,200 rat 
units a week, or the equivalent of approximately 
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one-half the weekly amount used in the estiny] 
experiments (10,000 rat units daily). The results 
are shown in Table 1vA. 

Two of the cases (Yat and Noc) had been 
studied in previous experiments for the effects of 
the use of both estinyl and oral premarin. The 
third patient (Mra) had received intravenous 
premarin but had not been tested with other 
oral preparations. 

With diethylstilbestrol, the chemical changes 
observed in two of the three patients (Noc and 
Mra) were similar to those seen following the 
use of estinyl and premarin. There was a de- 
crease in the concentration of cholesterol in 
the plasma and in Fraction 1+11, with a cor- 
responding decrease in the cholesterol-phospho- 
lipid ratios, and an increase in the concentration 
and distribution of lipids in Fraction 1v+v+VI, 
with no alteration in the cholesterol-phospho- 
lipid ratios. In these two patients, the changes 
were relatively large and were reversed im- 
mediately following the discontinuance of the 
hormone. In the case of Yat, the patient who 
had responded poorly to small doses of pre- 
marin, the influence of diethylstilbestrol was 
barely perceptible. 

Comment: Observations with diethylstilbestrol 
are fewer and were carried out over a shorter 
period of time. They are therefore not strictly 
comparable to those following use of estinyl and 
premarin. It is apparent, however, that diethy]- 
stilbestrol produces similar changes in the 
protein-lipid relationships of plasma. 

F. Action of Estradiol Benzoate. ‘The effects of 
the oral administration of estradiol benzoate in 
daily doses of 1.66 mg. were studied in a male 
patient who was convalescent from spinal fusion 
in a case of tuberculous spondylitis. It was not 
apparent that he had any stigmata or complica- 
tions of atherosclerosis. 

Estrogen treatment was instituted about six 
weeks after the operation was_ performed. 
Throughout the course, he was treated with 
streptomycin, paraminosalicylic acid and ni- 
trozide. He was entirely afebrile and asympto- 
matic during the period of chemical observation. 

From Table rvB it may be seen that the effects 
of estradiol benzoate on the protein-lipid pat- 
terns were qualitatively similar to the other 
estrogens. The concentrations of cholesterol 
in the plasma and in Fraction 1+1 were de- 
creased, and the percentage of cholesterol in 
Fraction 1v-+v-+v1 was increased. The choles- 
terol-phospholipid ratio of the unfractionated 
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plasma was diminished after approximately two 
and one-half months. 

Comment: This experiment with the use of 
estradiol benzoate demonstrates the action of 
another estrogen as capable of modifying the 
protein-lipid relationships in plasma and offers 
further evidence that the effects of estrogens are 
not limited to survivors of myocardial infarction. 

G. Action of Estrogens in the Nephrotic Syndrome. 
Data obtained following the use of estrogens in 
two patients with the nephrotic syndrome are 
assembled in Table 1vC. 

In the first patient (Wie) acute nephritis 
developed at the age of eleven. At the time of 
observation he had massive edema and 3+ 
albuminuria with slight hematuria. The blood 
urea nitrogen concentration was 31 mg. per 100 
ml., with a urea clearance 35 per cent of normal. 
Separation of the lipoproteins was unsatisfac- 
tory at this time because of the difficulties which 
are occasionally encountered during the frac- 
tionation of nephrotic plasmas.'* This did not, 
however, affect the analyses for protein and lipid 
concentrations of the unfractionated plasma, 
the values of which are listed in Table tvC, 
together with ratios of cholesterol to phospho- 
lipid. He received premarin in daily doses of 
15 mg. for six weeks. Chemically, there was an 
abrupt fall in the concentration of plasma 
cholesterol, and the _ cholesterol-phospholipid 
ratio was progressively diminished. Protein 
fractionations which were satisfactory through- 
out this period showed little change except for a 
tendency toward an increase in the cholesterol 
concentration in Fraction 1v+v-+v1. Clinically, 
he was little affected by the treatment. 

In the second patient (Has) acute nephritis 
developed at the age of fourteen and thereafter 
the patient continued to have albuminuria and 
hypertension. In January, 1954, when first 
examined at The New York Hospital, he was 
found to have a blood pressure of 170/110, with 
no edema. The urine contained 4+ albumin, 
red blood cells and casts. The concentration of 
blood urea nitrogen was 10 mg. per 100 ml., 
and the serum protein was 4.9 gm. per 100 ml., 
with 2.9 gm. of albumin and 2.0 gm. of globulin. 
The urea clearance was 68 per cent of normal. 

At the time of his first plasma fractionation, 
estinyl (1.0 mg. o.d.) with limitation of salt 
intake was prescribed. Inspection of ‘Table 1vC 
shows that in this case the concentration of 
cholesterol tended to be somewhat lower, and 
the percentage of cholesterol in _ Fraction 
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iv+v-+vi slightly higher during the administra- 
tion of the hormone. The cholesterol-phospho- 
lipid ratios, always high, were somewhat 
reduced. Discontinuance of estinyl resulted in 
prompt return to values more abnormal than 
those originally observed. Qualitatively, the 
changes were like those observed with the use 
of estinyl in the groups of survivors of myocardial 
infarction and in patients with primary hyper- 
cholesterolemic xanthomatosis. Quantitatively, 
however, they were so small that they could not 
be regarded as significant except in the light of 
previous experience in the other groups. 

Much more evident were the changes in the 
protein values. Following the administration of 
estinyl there was a large reduction in the con- 
centration of total protein which was almost 
entirely accounted for by a fall in the concentra- 
tion of protein (presumably albumin) in Frac- 
tion Iv+v-+vri. After discontinuance of the 
hormone there was a restoration of the protein 
to values approximating those observed before 
treatment was begun. Such effects on protein 
concentration were not seen in any of the non- 
nephrotic patients following the use of estinyl. 

Comment: Symptomatically, the second patient 
was disturbed by the medication. During the 
first two days he complained of nausea and 
experienced unusual fatigue. He vomited on one 
occasion and complained that he was con- 
stantly uncomfortable. His breasts became sore 
after he had taken the hormone for about three 
weeks. Since discomfort and unfavorable chemi- 
cal changes were noted in the second patient and 
little if any chemical changes were observed in 
the first patient, additional experiments with 
estrogens in other cases of nephrosis were 


discouraged. 
IT. Effects of Androgens 


A study of the effects of androgens was initi- 
ated soon after we had demonstrated sex dif- 
ference in the distribution of alpha and beta 
lipoproteins. 

A. Action of Oral Administration of Methyl 
Testosterone. In the preliminary study of andro- 
gen effects, methyl testosterone was selected for 
trial not only because of the convenience of an 
oral preparation but also because it had been 
so extensively used for clinical purposes. It was 
realized that it might not reflect accurately 
the action of other forms of testosterone. It was 
recognized also that some adverse effects on the 


liver had been reported.”® 
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Routinely, methyl testosterone was given in 
daily doses of 50 mg. As with the estrogens, the 
choice of dose was arbitrary and was made with 
the hope that the amount would be sufficiently 
large to exert easily demonstrable chemical 
changes without toxic action. The dosage was 


in Table v. The group of subjects included two 
normal individuals as well as seventeen patients 
with various disease states and two women with 
symptoms of the menopause. 

The results may be simply stated. In every 
instance there was a change in the distribution of 


TABLE VI 
EFFECTS OF SIMULTANEOUS ADMINISTRATION OF ESTINYL AND METHYL TESTOSTERONE 
Unfractionated Plasma Fraction iv+v+vl Fraction 
Subject, Cholesterol 
Sex and Date State Choles- | Phospho- Phospho- Choles- | Phospho- 
Age terol lipids C/Pl lipids C/PI terol lipids C/PI 
(mg./ (mg./ Ratio a (mg./ | Ratic (mg./ (mg./ | Ratio 
100 ml.) | 100 ml.) (mg./ | (% of) 199 mi.) 100 ml.) | 100 ml.) 
100 ml.) | total) 
Gil 9/8/52 | No treatment for 42 days 317 374 0.85 30 9.4 85 0.36 290 281 1.03 
9/22/52 | Estinyl 1.0 mg. o.d. started 319 341 0.94 22 6.9 52 0.41 290 280 1.04 
10/16/52 | M.T. discontinued 368 13 3.6 360 
11/6/52 | Estinyl dosage reduced to 269 332 0.81 56 21.7 139 0.41 202 192 1.05 
0.25 mg. o.d. 
12/18/52 | Estinyl discontinued 217 315 0.69 68 31.1 158 0.43 147 149 0.99 
2/5/53 | No treatment for 48 days 314 325 0.97 31 9.8 77 0.40 281 269 1.04 
Noc 9/18/52 | No treatment for 62 days 276 319 0.87 34 12.1 86 0.40 246 227 1.08 
10/9/52 | Estinyl 1.0 mg. o.d. started 318 363 0.88 13 4.1 51 0.25 291 304 0.96 
10/23/52 | M.T. discontinued 366 405 0.91 19 5.3 69 0.27 338 372 0.91 
10/30/52 | Estinyl dosage reduced to 304 299 1.02 28 9.1 72 0.39 276 242 1.10 
0.5 mg. o.d. 
11/11/52 | Estinyl discontinued 241 323 0.75 49 21.0 124 0.39 183 194 0.94 
Yat 8/7/52 | No treatment for 42 days 347 370 0.94 38 11.4 115 0.33 290 216 1.34 
M, 49 8/7/52 | Premarin 0.25 mg. o.d. 
started 
8/28/52 | Premarin dosage increased 330 344 0.96 34 10.7 94 0.36 283 223 1.27 
to 0.5 mg. o.d. 
10/23/52 | Premarin discontinued 344 389 0.89 46 13.5 124 0.37 287 270 1.06 
1/15/53 | M.T. 50 mg. o.d. started 195 290 0.67 54 28.7 134 0.40 134 147 0.91 
2/11/53 | M.T. discontinued 289 363 0.80 14 4.7 56 0.24 276 313 0.88 
4/2/53 | Estinyl discontinued 186 280 0.67 46 24.8 125 0.37 139 152 0.91 
4/20/53 | No treatment for 18 days 242 312 0.78 45 19.0 123 0.36 190 185 1.03 
Gre 1/17/52 | No treatment 202 19 9.7 171 
5/22/52 | Estinyl dosage reduced to 173 281 0.62 50 29.6 137 0.37 120 117 1.03 
0.5 mg. o.d. 
8/1/52 | Estinyl dosage reduced to 194 275 0.71 66 33.1 
0.25 mg. o.d. 
9/25/52 | M.T. 50 mg. o.d. started 217 296 0.73 68 31.2 155 0.44 148 138 1.07 
10/23/52 | M.T. discontinued 351 362 0.97 11 i 40 0.28 338 308 1.10 
12/11/52 | M.T. 10 mg. o.d. started 226 278 0.81 62 27 .6 146 0.42 161 140 1.14 
2/5/53 | Estinyl dosage increased to 274 254 1.08 21 8.0 63 0.34 247 190 1.30 
1.0 mg. o.d. 
3/12/53 | Estinyl dosage reduced to 261 276 0.95 21 8.3 61 0.35 231 198 1.17 
0.5 mg. o.d. 
4/9/53 | M.T. dosage reduced to 248 268 0.93 19 8.0 55 0.35 222 202 1.10 
5.0 mg. o.d. 
5/14/53 | All hormones discontinued 221 212 1.04 32 14.5 71 0.45 187 137 1.36 


varied only occasionally during the course of 
treatment. Random observations were made on 
the combined effects of testosterone propionate 
and methyl testosterone in three endocrine 
patients. 

Some of the changes observed following the 
use of methyl testosterone have been assembled 


cholesterol in a direction opposite to that 
observed following the administration of estro- 
gen. Both relative and absolute amounts of 
cholesterol and phospholipids in Fraction 1v+ 
v+vi were decreased, and those in Fraction 
I+ were correspondingly increased. In ten of 
the twenty-one subjects the concentration of 
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cholesterol in the unfractionated plasma was 
augmented, and in two of them (Haa and Hoo) 
the increase was very great. In the remaining 
eleven subjects, the cholesterol concentration 
was slightly diminished. Nine of the patients 
displayed a sharp rise in the cholesterol-phos- 
pholipid ratios of plasma and of Fraction 
1+1 following treatment. In several, there was a 
tendency toward a decreased ratio in Fraction 
IV+V+VI. 

Limited observations of the three cases (Bil, 
Rob and Biz) in which testosterone propionate 
formed the major part of the regimen are also 
shown in Table v. It may be significant that the 
changes were in the same direction and some- 
what greater than the average change observed 
when methyl testosterone was given alone. 

Cholesterol partitions were performed on the 
plasma of ten patients who received testosterone. 
In every instance the free to total ratio was 
increased following the administration of the 
hormone. The average before treatment of 0.26, 
with variation between 0.23 and 0.30, may be 
compared with 0.33, with variation of 0.27 to 
0.39 after treatment. 

Comment: The action of methyl testosterone 
produced in normal individuals and in a variety 
of patients who exhibited no stigmata of cir- 
culatory disease, protein-lipid patterns that 
approached those found in survivors of infarc- 
tion. The abnormalities in protein-lipid relation- 
ships in the plasma of survivors of myocardial 
infarction were even more exaggerated following 
the use of this hormone. No hepatic disease was 
noted during the course of these experiments. 


III. Effects of Simultaneous Administration of 
Estrogens and Androgens 


Since estrogens and androgens were found to 
produce opposite effects on the concentration 
and distribution of lipids in the lipoproteins of 
plasma, studies were undertaken to ascertain 
how the plasma would be affected by simul- 
taneous administration of the two oppositely 
acting substances. Some of the results of four 
such experiments on survivors of myocardial 
infarction are graphically depicted in Figure 2. 
A more detailed summary of the data may be 
seen in Table vi. All of the subjects had served in 
previous experiments on the effects of estrogen, 
and for comparative purposes some of the 
results of these experiments are included. 

In both Gil and Noc the administration of 
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methyl testosterone exaggerated the abnor- 
malities of their untreated state by increasing 
the cholesterol concentration and cholesterol- 
phospholipid ratio of the unfractionated plasma 
and by diminishing the percentage of cholesterol 
in Fraction 1v-+v+vi. Although both patients 
had previously responded promptly to the 
action of estrogens, the simultaneous administra- 
tion of 1.0 mg. estinyl had no effect in modifying 
the action of 50 mg. of methyl testosterone. There 
was no reversal of the lipid values toward 
pretreatment levels. Upon the withdrawal of 
methyl testosterone and the continuation of 
estrogen in even smaller doses (0.25 mg. and 
0.5 mg. o.d.), there was a partial re-establish- 
ment of a normal pattern. The plasma choles- 
terol concentrations and the cholesterol-phos- 
pholipid ratios were decreased to approximately 
normal ranges; and there was a marked increase 
in both the amount of distribution of the lipids 
in Fraction 1v-+v+v1, with a corresponding 
decrease in Fraction 1+11. Following the with- 
drawal of methyl testosterone, G:/ maintained a 
normal pattern for nearly six weeks on only 
0.25 mg. estinyl daily. 

In Yat and Gre the plan of experimentation was 
altered. Methyl testosterone in daily doses of 
50 mg. was added without interrupting the 
administration of estinyl, which in the case of 
Yat was given in daily doses of 1.0 mg. for three 
months and in Gre in doses reduced from 1.0 mg. 
to 0.25 mg. over a period of seven months. The 
powerful action of methyl testosterone in coun- 
teracting the effects of estinyl is shown in Gre. 
The concentration of cholesterol was increased 
134 mg. per 100 ml. and that of phospholipids 
66 mg. per 100 ml. The percentage of cholesterol 
in Fraction 1v-+v+v1 dropped from 31.2 to 
3.2, a value which was far below the pretreat- 
ment level. Both cholesterol and phospholipid 
concentrations were diminished in Fraction 
1v+v+vi with a corresponding increase in 
Fraction 1+11. At the same time, the plasma 
cholesterol-phospholipid ratio increased from 
0.73 to 0.97. 

When methyl] testosterone was discontinued, 
the effects of 0.25 mg. estinyl were again evident, 
for the plasma cholesterol concentration was 
decreased by 125 mg. per 100 ml. accompanied 
by a fall in the cholesterol-phospholipid ratio 
from 0.97 to 0.81. Both cholesterol and phos- 
pholipid concentrations in Fraction 1v-+v+v! 
were markedly increased, while those in Frac- 
tion 1+ were correspondingly diminished. 
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The percentage distribution of cholesterol in 
Fraction 1v-+v-+VI rose from 3.2 to 27.6. 

Later, an experiment for the purpose of 
observing the effects of smaller doses of methyl 
testosterone after the patient had been receiving 
0.25 mg. estinyl daily showed that a dose of 
10 mg. per day of the androgen exerted the same 
qualitative effects but was quantitatively some- 
what less potent than the larger doses of 50 mg. 
The most evident change was a rise in the choles- 
terol-phospholipid ratio from 0.81 to 1.08. An 
increase in the dosage of estinyl to 1.0 mg. a 
day for five weeks had little effect in reversing 
the action of daily doses of 10 mg. of methyl 
testosterone. 

Finally, a reduction of the methyl testosterone 
from 10 to 5 mg. per day with continuation of 
0.5 mg. estinyl still indicated persistence of a 
neutralizing effect on the action of the estrogen. 
Although the percentage of cholesterol in 
Fraction 1v-+v+vI was increased from 8.0 to 
14.5, the cholesterol-phospholipid ratios in 
unfractionated plasma and in Fraction 1+1 
were again elevated to the levels obtained during 
the use of 10 mg. doses of methyl] testosterone. 


DISCUSSION 


It appears that estiny! in relatively large doses 
(0.5-1.0 mg. o.d.) corrects several of the abnor- 
malities of the plasma protein-lipid patterns in 
survivors of myocardial infarction. Invariably, it 
accomplishes a change in the distribution of 
lipoproteins, with increase in the concentration 
of alpha lipoproteins of Fraction 1v-+v+vi and a 
corresponding decrease in beta lipoproteins of 
Fraction 1+111. Usually, there is a decrease in the 
plasma cholesterol and phospholipid concentra- 
tions and in the cholesterol-phospholipid ratio. It 
also causes a considerable change in the ratio of 
the concentration of cholesterol: and phospho- 
lipids in Fraction 1+ 11 to the extent that the 
values are often less than 1.00. This suggests 
either unusual mixtures of lipoproteins or 
formation of protein-lipid combinations, pre- 
sumably beta lipoproteins of a composition that 
varies ‘from those recovered from Fraction 
I+ in normal subjects. 

The action of oral estrone sulfate (premarin) 
in survivors of myocardial infarction appears to 
differ little from that of equivalent amounts cf 
oral estinyl. An exact quantitative comparison 
of the effects of the two hormones is not possible 
because the trials are not sufficiently systematic 
or extensive. Single intravenous doses of 15-20 


mg. of estrone sulfate are apparently without 
effect on either the distribution or concentration 
of the alpha and beta lipoproteins. 

Other estrogens such as estradiol benzoate and 
diethylstilbestrol are also capable of modifying 
protein-lipid relationships of plasma, and their 
effects are qualitatively similar to estinyl and 
premarin. Any estimation of the _ relative 
influence of various estrogens on the concentra- 
tion and distribution of lipoproteins would 
necessitate more extensive and _ differently 
organized experiments. Since qualitatively the 
actions of all of the estrogens tried in this 
study are similar, it appears that they are related 
to estrogenic activity and are not attributable 
to the chemical radicles of specific compounds. 
Their action is also apparently not limited to 
survivors of myocardial infarction. 

In primary hypercholesterolemic xantho- 
matosis which may be regarded as the most 
severe form of lipid disturbance predisposing to 
atherosclerosis, the administration of estinyl 
is followed by predictable changes similar to 
those in survivors of myocardial infarction. 
Frequently, there is a reduction in the choles- 
terol concentration of plasma; invariably, there 
are changes in the distribution and a tendency to 
lowering of cholesterol-phospholipid ratios in 
plasma and in the beta lipoproteins of Fraction 
1+111. In no instance, however, is there complete 
restoration of normal protein-lipid patterns. As 
in survivors of myocardial infarction, the 
chemical effects of estinyl may be maintained 
as long as the hormone administration is con- 
tinued; they disappear abruptly when treatment 
is discontinued. 

Chemical changes following the use of estiny] 
and premarin in the nephrotic syndrome are 
difficult to evaluate because of the extremely 
variable course of the condition. Our observa- 
tions of their effects in two subjects offer little 
hope, however, that the lipid abnormalities of 
the syndrome can be significantly altered by the 
use of estrogens. Although, qualitatively, the 
changes are similar to those observed in survivors 
of myocardial infarction and in patients with 
primary hypercholesterolemic xanthomatosis, 
they are quantitatively too small to be signifi- 
cant. Unfavorable alterations in the protein 
composition of plasma following the use of 
estinyl in one of the subjects discouraged trial of 
the hormone in other cases. 

Methyl testosterone modifies protein-lipid 
relationships in plasma in a manner opposite to 
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that observed following the administration of 
estrogens. The most constant effect is in the 
distribution of cholesterol and consists of a 
relative decrease in alpha lipoproteins in Frac- 
tion 1v+v+vi and relative increase in beta 
lipoproteins of Fraction 1+1. Other changes 
often noted are an increase in the cholesterol- 
phospholipid ratio of the unfractionated plasma, 
and in Fraction 1+11, and, occasionally, a 
decrease in Fraction 1v-+v-+vi. A drop in the 
plasma cholesterol concentration is unpredicta- 
ble. Even small amounts can exaggerate the 
abnormal protein-lipid pattern of a survivor 
of myocardial infarction. Intramuscular doses of 
testosterone propionate appear to have the same 
if not even greater effect upon protein-lipid 
relationships. 

The antagonistic effects of estrogens and 
androgens are best shown when the two hor- 
mones are administered simultaneously. It is 
apparent that, with the doses used in these 
experiments, the action of the androgen, 
methyl testosterone, is far more potent than that 
of the estrogen estinyl. Complete obliteration 
of the estrogenic effects may be obtained by 
relatively small doses of methyl testosterone. 
Experiments devised to show the relative 
potency of the hormones under a great variety 
of conditions would be necessary before physio- 
logic implications could be formulated. 

It is noteworthy that, in the chick, Stamler 
and his associates?’ were able to contrive a 
combined dose of estrogen and androgen which 
had no feminizing effect but could protect 
against coronary artery lesions in cholesterol-fed 
chicks. 

Under the conditions of our experiments, the 
effects of methyl] testosterone following or during 
the administration of estrogen were greater than 
when the testosterone was given alone. Our 
data are, however, insufficient to establish a 
potentiating effect of the estrogen. Under the 
conditions of combined administration the 
deviations from normal accomplished by the 
androgen are greater than those seen in any 
pathologic conditions except hypercholestero- 
lemic xanthomatosis or nephrosis and must be 
regarded as disturbing if not alarming. 


SUMMARY 


The concentration and the distribution of 
lipids bound as lipoproteins in plasma are 
modified by gonadal hormones. 


JuLty, 1955 


The ingestion of estrogen in the form of 
ethinyl estradiol, estrone sulfate or diethyl- 
stilbestrol tends to correct the pathologic 
protein-lipid relationships of survivors of myo- 
cardial infarction, and in many instances accom- 
plishes complete restoration of normal patterns. 

In primary hypercholesterolemic xanthomato- 
sis the effect of estiny] is qualitatively similar but 
is not sufficient to restore normal patterns. 

In two cases of nephrosis chemical changes 
qualitatively similar to those observed in 
survivors of myocardial infarction were per- 
ceptible but were so small as to be thera- 
peutically insignificant. 

Methyl testosterone exerts the opposite chemi- 
cal effect. It exaggerates the chemical pathology 
of survivors of myocardial infarction and can 
produce abnormalities in plasma protein-lipid 
relationships of individuals whose protein-lipid 
patterns have been previously normal. 

When the estrogenic and androgenic hor- 
mones are given simultaneously, estrogenic 
effects are modified or obliterated. It has not 
been definitely demonstrated that the actions 
of testosterone are modified by estrogen. 

The experiments demonstrate that  lipo- 
proteins are subject to chemical manipulation 
but do not explain the mechanisms by which 
gonadal hormones operate. 

These observations appear to have possible 
significance in the pathogenesis of atherosclerosis. 
They indicate a chemical reason for the rela- 
tive immunity of young women to the complica- 
tions of atherosclerosis. They suggest that the 
action of estrogenic substances in atherosclerotic 
persons exhibiting striking protein-lipid ab- 
normalities might be beneficial. ‘They suggest 
that the use of methyl testosterone in such pa- 
tients might be detrimental. 

While the observations have certain thera- 
peutic implications, they indicate side actions 
which will make the use of estrogens unaccept- 
able to many patients. It is clearly established 
that the administration of these hormones 
eliminates chemical abnormalities which may be 
regarded as detrimental; however, more exten- 
sive clinical studies will be necessary before 
estrogens can be considered useful in the 
prevention of atherosclerosis or in the treatment 
of its complications. 
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The Serum Lipoprotein and Cholesterol 
Concentrations of Central and North 
Americans with Different Dietary Habits’ 
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Boston, Massachusetts 


HERE is now strong evidence to indicate 

that both the quantity of food habitually 

eaten and its quality are related to the 
etiology of atherosclerosis in man. Although 
these cannot be the only determinants in the 
development of the disease process, both the 
caloric balance as determined by body weight!~* 
and the proportion of food calories derived from 
fat*-® have been found to correlate to a signifi- 
cant extent with the prevalence of clinical 
manifestations of atherosclerosis. It would be 
useful to apportion the relative importance 
of these dietary factors among other contributing 
Causes since these are elements of the environ- 
ment which can be altered by appropriate 
nutritional measures. 

The chronic nature of atherosclerosis, coupled 
with the rigidity of human dietary habits, 
preclude a directed experiment but human 
cultural groups are sufficiently diverse to supply 
natural material for the investigation of these 
problems. Such a study has been undertaken 
with groups of North and Central American 
subjects which habitually consume very differ- 
ent diets. he serum lipid measurements of a 
rural Central American group have been com- 
pared with those of both urban Guatemalans 
and North Americans who consume much more 


_ protein, fat and cholesterol. Striking differences 
in the cholesterol levels and in the serum lipid 


patterns have been encountered. 


PROCEDURES 


Selection of Subjects. The Central American 
subjects were of two categories. Group A in- 


cluded persons of predominately Mayan Indian 
origin and cultural characteristics residing in 
rural, highland villages. Careful cultural, clinical 
and dietary observations had previously been 
carried out by workers from INCAP in the 
majority of the villages used in this study.’~"? 
The individuals were all volunteers who were 
given a brief physical examination which in- 
cluded the measurements of height, weight, 
blood pressure and pulse rate. Those with 
acute or chronic diseases, and women who were 
pregnant or lactating were excluded when these 
conditions were revealed by the examination. 

Group B included persons residing in either 
Guatemala City or Antigua and living in a 
favorable economic situation. The majority of 
the males were physicians, army officers or 
other business and professional men. ‘The women 
were members of the families of children attend- 
ing the ‘‘Guatemalan American School’ in 
Guatemala City, the most expensive of the 
private schools. All had resided at least five 
years in Guatemala City and the majority were 
native born Guatemalans. These persons were 
also volunteers who appeared to be in good 
health. Measurements of height, weight, blood 
pressure and pulse rate were made and pregnant 
and lactating women were excluded. 

The North American subjects taken for com- 
parison are referred to as Group C. These were 
United States business and professional men and 
women, and office employees who were studied 
at the time of an annual health protection 
examination given by their organizations. The 
group does not include low income or poorly 


* From the Department of Nutrition, Harvard School of Public Health, Boston, Mass., and the Institute of Nutrition 
of Central America and Panama (INCAP), Guatemala City, Guatemala. The Institute of Nutrition of Central America 
and Panama is a cooperative activity of Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua and Panama, 
administered by the Pan American Sanitary Bureau, Regional Office for the Americas of the World Health Organiza- 
tion. This study was supported in part by grants from the National Heart Institute (No. 932-C) of the National Institutes 
of Health, Public Health Service, Bethesda; the American Meat Institute, Chicago; and the Albert and Mary Lasker 
Foundation, New York City. A portion of this work was done while the senior author was an established investigator 
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nourished individuals. These subjects were 
examined by a physician, a medical history was 
taken and the blood pressure recorded. A urine 
sample was examined for sugar and protein, and 
an electrocardiogram was taken. Subjects with 
evidences of acute or chronic disease were 
eliminated from the study. Those with a blood 
pressure exceeding 140/90, with an abnormal or 
questionable electrocardiogram, with an ab- 
normal finding in the urine examination or with 
a history of cardiovascular disease were also 
excluded from the present considerations. 

Dietary Methods. ‘The diets of the Central 
American subjects of Group A were evaluated 
by seven-day family diet surveys collected by 
nutritionists familiar with the language, customs 
and foods of those people. These surveys were 
carried out in three of the six communities 
sampled, and in two other villages in the study 
area. In these surveys each family was visited 
daily and food portions were weighed when 
possible. The individual nutrient intakes were 
estimated using a food composition table based 
on the analysis of Central American foods’? 
and with dietary allowances modified from those 
of the National Research Council (U. S.) to 
conform with local environmental conditions 
and mean body weights.'* The data shown 
represent the findings in a combined sample of 
eighty-two families which, while not always 
included in the serum study, are_ believed 
representative of those subjects. 

Randomly selected subjects in Group B, the 
urban Guatemalan business and_ professional 
persons, were requested to keep a record of 
their individual food consumption for a period 
of seven days. This was supplemented with 
personal interrogation when the questionnaires 
were returned. Fifteen of the persons cooperating 
were women, and eight were men. 

The dietary approximations of the United 
States subjects of Group C were representative 
of those described in the literature. '*:!® 

Laboratory Methods. ‘The blood samples were 
collected in the field in Central America. These 
were immediately transported to the INCAP 
laboratory and the serum recovered and placed 
in labelled tubes for transport by air to Boston. 
Serum samples were kept at 0-5°c. during 
transport. The analyses were begun three to 
five days after the blood was drawn. Lipoproteins 
were measured with the ultracentrifuge by the 
method of Gofman et al.!® Cholesterol was 
measured by the method of Abell et al.!” The 


reliability of these methods in our hands has 
been described. 

Statistical Methods. ‘The laboratory data for 
each group were first considered according to 
sex and decade of age. Comparison of means of 
these groups were made after a logarithmic 
transformation of the measurements in order 
to minimize skewness of the distributions.'* ‘This 
process leads to an asymmetric distribution of the 
arithmetic variance about the means so that 
both positive and negative standard deviations 
are shown. 


The relative weights (100 x 


observed weight) 

ideal weight 
were computed for all subjects on which height- 
weight data were available. For lack of more suit- 
able reference data, the tables of Ideal Weight of 
the Metropolitan Life Insurance Company’??? 
were used for both the North and Central Ameri- 
can groups. If the “‘ideal weights’’ of the Central 
Americans are in fact less than those of North 
Americans, this procedure would tend to 
overestimate the leanness of those subjects and 
to minimize rather than accentuate the differ- 
‘ences upon which the conclusions have been 
based. The analyses of covariance®? used to 
make adjustments for the differences of relative 
weight among the groups were applied to 
age ranges of subjects which were shown to 
have rectilinear slopes of the age-serum lipid 
regressions. 


RESULTS 


The diets of the subjects of Group A were very 
different from those of Groups B and C. The 
greatest single difference appeared to be the 
much lower proportion of fat calories in the 
largely vegetarian Central American group. A 
summary of the dietary habits of families in the 
five Central American villages measured is 
shown in Table 1. These data are to be compared 
with the urban Guatemalan and North Ameri- 
can dietaries summarized in the same table. The 
fat content of the diets of Group A subjects was 
comprised almost entirely of the intrinsic fat of 
the corn and other vegetable foods in the diet. 
There was little or no free or added fat. It will 
be noted from Table 1 that the diets of Groups 
B and C are similar. 

Summaries of the serum lipid findings for the 
three groups are shown in Table 1 for males and 
females, respectively. The data are grouped 
according to age and the transformed means and 
the positive and negative variances computed as 
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anti-logs of the transformed measurements are 
shown. The evaluations of the significance of 


observed differences of means were done with 


the transformed data. 
A striking characteristic of the data in Table 


i is the low serum cholesterol levels of the rural 


than those of age- and sex-matched North 
Americans. It was also of interest that there 
was no real difference of cholesterol levels 
between males and females among the rural 
Guatemalans of Group A. 


The trends of lipoprotein levels with age were 


TABLE I 
DESCRIPTION OF THE STUDY GROUPS AND THEIR DIETARIES 
Number of 
Seon Aunbyned Daily Intakes 
Group Occupation Fat 
Protein % Proportion 
Male | Female Calories of N.R.C. of Calories 
Allowance Animal | Vegetable from Fat 
(gm./day) | (gm./day) (%) 
A, rural Central 
Americans 112 91 Hand crafts, 2306 * 125 13 8 8 
agriculture, 
household 
B, urban Central 92 71 Business, 2810 fF 141 68 | 43 | 36 
Americans professional, | | 
household | | 
C, urban United § 1,110 265 | Business, 3250f 134 140 | 40 
States professional, | 
office workers 


* This intake represents 110% of requirements calculated on the basis of N.R.C. and FAO calorie recommenda- 


tions for a “‘reference”’ level of activity. 


+ This represents 118% of the calculated calorie requirements and 117 % of the protein recommended for males and 
120% of the calories and 122% of the protein for females. In general these persons are much less active physically than 


those in Group A. 


{ It is remarkable that there are so few adequate dietary appraisals of well-nourished United States citizens. Exten- 
sive references to this kind of information may generally be traced to Department of Agriculture data on “‘food available 
for consumption.”’ This is obviously not adequate for the present purposes but would seem to represent a correct order of 


magnitude. 


Guatemalan subjects of Group A. This differ- 
ence of cholesterol levels is the more remarkable 
because of the similarity of the lipoprotein levels 
of the three groups. When differences of the 
mean lipoprotein levels occurred among the 
groups, they were usually increases of the Central 
American levels above the North American 
level. This was particularly marked among the 
Group A females who showed elevation of all 
Classes of lipoproteins above the North American 
level. The serum cholesterol levels of the business 


and professional groups of Guatemala and the. 


United States were similar. In eight of the 
sixteen comparisons made, the lipoprotein 
levels of the urban Guatemalans were higher 
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generally similar in all the groups. These showed 
a parabolic change with increasing age. Figure 1 
illustrates these trends for the males and females, 
respectively. 

The data were then examined for explanations 
of these observed differences. Since serum lipid 
levels have been shown to be positively cor- 
related with relative weights in North American 
subjects by Dawber et al.”* (see Walker?*) and by 
Gofman and Jones,”® it was of interest to study 
the relation of relative body weights to the serum 
lipid differences observed here. The relative 
weights of the Central American subjects of 
Group A were consistently less than those of the 
North Americans. (Table ur.) These Central 
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showed a downward 
relative weight with increasing age in contrast 
to urban Guatemalans and North Americans 
whose trend of relative weight was upward with 
increasing age. 


trend 


of 


The covariance analysis which takes account 
of the third variable, relative weight, in the 
comparison of the two primary variables, 
environment and lipid levels, indicated that 
relative weight was of minor importance in the 


TABLE II 
SERUM LIPOPROTEIN AND CHOLESTEROL LEVELS OF CENTRAL AND NORTH AMERICAN SUBJECTS ACCORDING =~ 
TO AGE AND SEX Be 
(Concentrations are milligrams per 100 ml. serum; data not adjusted for body weight differences) 
A B — 
Rural Guatemala Urban Guatemala United States F Ratio —— a 
Age (differing 
——| (p <0.05) mean of a 
N | x S.D. N | x S.D. N | x S.D. Group C)f — 
I. Males 
20-29 | S12-20 3 441 ~ 7121) 4 
S135-100 38 +37 —19 71 +66 —34 40 + 40 — 20 
Cholesterol 139 +24 —21 172 +65 —47 206 +308 —124 + | Al 4 
30-39 | S12-20 34 29 +17 —11) 38 | 35 +424 —14 230 24 +34 —16 
S:35-100 41 +43 —21 87 +102 —47 54 +60 —28 + | Al BT 4 
Cholesterol 143 +33 —27 210 +50 —41 218 +329 —131 + | Al = 
40-49 | S<12-20 18 | 27 +24 —13] 22 | 34 +22 —14 490 | 36 +434 —18 
S135-100 49 +69 —29 79 +62 —35 53 +57 —28 
Cholesterol 144 +49 —37 186 +51 —40 233 +357 —141 + Al a 
50-59 | Ss12-20 16 | 26 +23 —12) 8 | 42 +16 —12 254 34 +432 —16 
S:35-100 35 +52 —21 81 +69 —37 47 +50 —24 
Cholesterol 136 +41 —31 210 +37 —32 232 +356 —140 ~ Al & 
IT, Females 
20-29 | 812-20 | 22| 30 +420 ~12] 20| 22 499 43/21 416 + At a 
S:35-100 47 +74 —28 32 +23 —14 16 +17 -8 + Al 
Cholesterol 147 +34 —28 172 +52 —39 189 +69 —51 + Al @ 
30-39 | S<12-20 15 | 37 +24 —14) 24 | 29 +418 —11) 51 | 24 +415 -10 + Al 
S:35-100 58 +57 —29 41 +48 —22 18 +32 —11 + Af BT | 
Cholesterol 156 +33 —28 200 +45 —36 203 +47 —39 + Al Be 
40-49 | S:12-20 11 | 39 +31 —18) 16 | 28 +17 —11,; 108 | 27) +421 —11 + Af 
S:35-100 49 +75 —29 29 +26 —13 22 +28 —12 _ Al 2 
Cholesterol 172 +35 —29 208 +47 —38 219 +48 —29 + A| y 
50-59 | S<12-20 9 | 39 +26 —16) 10 | 59 +23 —17) 48 | 33 +20 —13 + Bt a 
S135-100 41 +29 —17 73 +57 —32 31 +38 -—27 + AT Bt 
Cholesterol 138 +67 —46 222 +41 —35 247 +61 —48 + Al 


* Results of a test by the F ratio of variances of the probability that the observed differences of means of the three 


groups are greater than would be expected from sampling theory alone. 
t Analysis of the group differences by the “‘t’’ test in order to identify which means differ with a probability of 5% 


or less that the observed difference is sampling error. The arrow indicates the direction of the difference from the mean 
of Group C. 
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Group A-Rural Guatemalan. 


Group B - Urban Guatemalan 


Group C - North American 


MALES 
Serum 
Lipoprotein | 
100 
$435-100 
50 C 
| 
S,12-20 
mg % 30 . 
| 
20 
300 
250 
Serum Total 
Cholesterol 
6 
"4 
Z 
150 


100 
20-29 30-39 40-49 50-59 
Age - Years 


FEMALES 
Serum 
Lipoprotein 75 7 B 
£,35-100 a 
mg % A 
Cc 
25 
60 7 Cc 
~° 
mg % 40 A 
30 
20 
Cc 
Serum Total 200 
Cholesterol 
mg % 
175 TK 
\ 


A 
20-29 30-39 40-49 50-59 
Age - Years 


Fic. 1. A comparison of the levels of serum cholesterol and two classes of lipopro- 
teins among subjects consuming different diets. 


comparison. While the subjects of Group A, 
both male and female, were lighter than the age- 
matched subjects of either Group B or C, this 
fact did not greatly influence either the direction 
or magnitude of the observed differences of 
serum lipid components between the groups nor 


did this adjustment affect the conclusions drawn 


from these data. 
COMMENTS 


These observations indicate the presence of a 
distinct difference between the serum cholesterol 
levels of rural Guatemalan subjects and those of 
either urban Guatemalans or North Americans. 
The cholesterol levels of the rural Guatemalans 
are sufficiently different at all adult ages so that 
they would permit an accurate discrimination 
between the subjects using this characteristic 
alone. The serum beta-lipoprotein levels were in 
contrast to this difference for they were generally 
similar among all the groups and such differ- 
ences as occurred were in either direction. The 
greater leanness of the Central Americans ap- 
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TABLE III 
OBSERVED WEIGHT 
IDEAL WEIGHT 


AND SEX FOR RURAL GUATEMALANS, URBAN GUATEMALANS 
AND UNITED STATES SUBJECTS 


RELATIVE WEIGHTS ( x 100) BY AGE 


| Group | 
| Group 
Mean 
A B 
Age Cc (differing 
(yr.) Guatemalans | Guatemalans United States from 
mean of 
— Group C)* 
x SEx x x SE¢ 
Males: 
20-29 96 + 2.77 98 + 2.84 | 107 + 1.82 Al Bl 
30-39 96+ 1.54 | 107+ 2.19 | 107+ .73 | Al 
40-49 93 +1.89 | 109+ 2.35 110+ .45 Al 
50-59 76+2.00 106+ 4.95 | 111+ .88 Al B 
Females: 
20-29 | 100 + 3.41 92 + 2.29 | 103 + 2.47 BL 
30-39 93+ 2.58 | 100+ 2.25 | 107 + 2.55 Al Bl 
40-49 94 + 3192 | 105 + 3.75 | 106 + 1.55 Al 
50-59 83 + 3.33 | 105 + 5.38 | 106 + 2.53 Al 


* A |—mean of Group A significantly < Group C (p < 0.05) 
B | —mean of Group B significantly < Group C (p < 0.05). 
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pears to be of minor importance in determining 
the low serum cholesterol levels observed in that 
group. On the other hand if, as is suggested in 
Table mt by the increasing relative weights at 
successive ages, the urban Guatemalan and 
North American subjects were not in caloric 
equilibrium but were slowly gaining weight, a 
part of the observed serum cholesterol differ- 
ence might be attributed to this process of 
‘*becoming fat’’ rather than to simply being fat. 
This effect of positive caloric balance has been 
demonstrated in short-term experiments.* The 
present cross-sectional study will not provide 
further information on this point. 

The interpretation of the observed lipoprotein 
differences is more complicated because the 
differences were both smaller in amount and 
variable in direction. The 12-20 lipoprotein 
differences were in opposite directions for males 
and females, the male Central Americans of 
Group A often showed lower levels than the 
North Americans but the female Central Ameri- 
cans showed generally higher levels. Since the 
serum cholesterol and lipoprotein measurements 
are in part representative of the same materials 
and since a small but real correlation between 
the measurements has been demonstrated,’**”' 
the direction of the differences found in the 
male groups was expected. The difference of 
cholesterol levels appears disproportionately 
greater, however, when appraised by the stand- 
ards of experience with North American sub- 
jects.2* The measurements of female Central 
American subjects of Group A are unique, for 
they combine low cholesterol levels with high 
lipoprotein levels when compared with age- 
matched North American females. 

This unusual combination is rarely seen 
among North American subjects. We have col- 
lected a small series of similar measurements 
which we call the “‘Blumenthal pattern”’ after 
the first subject in whom it was seen.”* In almost 
10,000 observations of human serum we have 
found only seventy similar patterns. The ultra- 
centrifugal appearance of such a serum is 
characterized by a low main peak (S; 0-8) with 
an abundance of material in the region S; 
12-100. The sera are clear and the cholesterol 
level is generally below 200 mg. per cent. ‘There 
are no obvious common patterns of diet or 
clinical description among the seventy subjects 
with this type of sera and the Central American 
subjects. 

Inspection of the dietary evaluations of the 


rural Central American subjects indicates an 
average caloric intake which exceeds the Na- 
tional Research Council allowance for persons 
of this weight and environment by about 10 per 
cent. This observation taken with the relative 
weight data indicating that the Central Ameri- 
cans of Group A were on the average 15 per 
cent leaner (and we have probably under- 
estimated this leanness by the use of North 
American height-weight standards) than either 
urban Guatemalans or North Americans implies 
that the differences must be accounted for by 
larger caloric expenditures in the rural Central 
Americans. Consideration of the activity re- 
quirements of people in such an agrarian culture 
indicates this is a reasonable explanation. 

After extensive studies of such people, INCAP 
recomendations*® for persons in Group A in- 
clude 200 more calories daily for a 55 kg. man of 
age 25 and 500 more calories for a 50 kg. woman 
of this age than are recommended by the Calorie 
Committee of the Food and Agriculture Organ- 
ization®*! and the National Research Council 
(U. S.).*? It is then possible that the magnitude 
of caloric turnover is an important factor in 
determining the lipoprotein content of blood 
serum. This suggestion is also logical if we 
accept the hypothesis which places the serum 
lipoproteins as a spectrum of specialized lipid- 
bearing proteins along which dietary lipids are 
passed in preparation for tissue utilization. ** 

The data of Walker et al.* indicated that these 
lipoproteins and the serum cholesterol were 
significantly increased by a period of positive 
caloric balance even when this was obtained 
with a very low fat dietary intake. We may 
suppose that a large caloric intake, even low in 
fat, when balanced by a large caloric expendi- 
ture might selectively increase the serum lipo- 
proteins since these must serve the physiologic 
transport function. The serum cholesterol level 
on the other hand is determined primarily not 
by the type or magnitude of the intake but 
rather by the nature of the caloric disposal. 
When the excess calories are stored as fat, the 
cholesterol level rises; and when the calories 
are distributed as heat and energy, the choles- 
terol level is low. This or some other mechanism 
of semi-independent control of cholesterol and 
lipoprotein levels in the blood seems necessary 
to explain the irregular correlation of these 
quantities in human blood which are observed 
in cross-sectional studies'* among North Ameri- 
can subjects. 
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On the basis of population studies, Keys has 
arrived at the conclusion that serum cholesterol 
levels are related to the presumed dietary intake 
of fat.*4 The present groups were selected for 
study with the intent of comparing persons 
consuming diets of widely varying fat content. 
The dietary appraisals confirmed the large 
magnitude of the differences in fat intake. The 
basic question is, therefore, whether the serum 
lipid differences observed can be explained, 
wholly or partially, by this dietary difference. 
Although the cholesterol differences encountered 
are consistent with a hypothesis relating choles- 
terol levels to fat intake, the differences of levels 
observed among the groups are not so readily 
explained because of the marked dissociation of 
serum cholesterol and lipoproteins observed 
among rural Guatemalans. Experimental manip- 
ulation of dietary lipids in human?:*3 and labora- 
tory animal subjects*’ has not indicated such an 
effect. Most other human studies have not 
measured both the serum cholesterol and lipo- 
protein levels. 

It still remains to be determined whether the 
Central American or similar material can 
resolve the uncertainty of the relative impor- 
tance of the serum cholesterol and the serum 
lipoproteins in the pathogenesis of athero- 
sclerosis. Since the Guatemalan subjects of 
Groups A and B appear to offer unique advan- 
tages in studying that question, anatomic mate- 
rial is now being gathered. 


SUMMARY 


1. The total cholesterol and beta-lipoprotein 
measurements of the blood sera of a group of 
rural Central American subjects subsisting on a 
largely vegetarian and very low fat diet have 
been compared with those of urban Guatemalan 
and North American subjects who habitually eat 
large amounts of fat. 

2. The rural Central American subjects, both 
male and female, were shown to have lower 
mean cholesterol levels at all ages studied 
than did the other groups. There was little 
evidence of the typical North American increase 
of serum cholesterol level with age among these 
Central Americans. There was no sex-deter- 
mined difference of mean cholesterol levels by 
decade among the rural Central American 
subjects. The cholesterol levels of urban Guate- 
malans living in a good economic status were 
similar to those of North Americans. 

3. The serum lipoprotein differences observed 
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among the groups were variable. They were 
only slightly and irregularly lower in the rural 
Central American males than in the North 
Americans and the beta-lipoproteins of the 
females of this group were frequently at higher 
levels than those of the North Americans. The 
urban Guatemalans showed lipoprotein levels as 
high or higher than those of the North American 
group. 

4. These cholesterol and lipoprotein level 
differences could not be explained by the greater 
leanness of the Central Americans although this 
factor could be shown to have a small effect. 

5. The greater leanness of the rural Guate- 
malan group taken with higher caloric consump- 
tion of that group suggests that the serum 
lipoprotein levels may be dependent upon the 
magnitude of energy turnover whereas the 
serum cholesterol levels are increased by energy 
accretion or fat deposition. 

6. The differences in dietary fat intake among 
the groups do not serve to explain the serum 
lipid differences because they do not permit an 
explanation of the dissociation of cholesterol and 
lipoprotein measurements which is unique in the 
rural Guatemalans. 

7. These Guatemalan populations appear to 
be a useful place to evaluate the relative impor- 
tance of serum beta-lipoprotein and cholesterol 
levels in atherogenesis. 
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Analysis of 177 Cases of Hypertensive 
Vascular Disease with Papilledema‘ 


One Hundred Twenty-six Patients Treated with Rice Diet 


BARBARA NEWBORG, M.D. and WALTER KEMPNER, M.D. 
Durham, North Carolina 


HE prognosis in patients with hypertensive 
vascular disease and papilledema has al- 
ways been grave. Until 1944!” there was 
no medical treatment for this condition; since 
then a number of cases of malignant hyperten- 
sion treated successfully with the rice diet have 
been 
The purpose of this paper is to describe the 
clinical course of this disease as seen in 177 
patients (treated and untreated) examined 
between October, 1942, and October, 1953, on 
our service. This series includes every patient 
with hypertensive vascular diseage admitted dur- 
ing this period in whom the presence of neuro- 
retinopathy was confirmed by fundus photo- 
graphs. (Patients with chronic nephritis, i.e., 
history of albuminuria preceding hypertension, 
and polycystic kidney disease are not included. ) 
An attempt was made to treat all these pa- 
tients with the rice diet. However, of these pa- 
tients eighteen never actually took the rice diet. 
Sixteen of the eighteen are known to have died; 
in one no follow-up information is available. 
Only one of these eighteen patients, E. B., who 


_ was treated intermittently over a five and one- 


half months’ period, is still living, nine years 
after she was first seen here. The clinical course 
in these patients was similar to that described by 
Wagener and Keith.!® In their series of 146 
patients with malignant hypertension without 
any special therapy only one survived five years 
and 79 per cent died within the first year after 
examination. 

Thirty-three patients were willing to take the 
rice diet but this treatment had to be discon- 
tinued because they were unable to retain so- 


dium or, in some cases, chloride in the serum 


when subjected to severe dietary restriction (less 
than 150 mg. sodium, less than 200 mg. chloride 
daily). | 

The rice diet was given for varying lengths of 
time to 126 patients. In three of these patients 
the follow-up information is incomplete and in 
three the follow-up period is too short, since 
treatment was started within the past year 
(these three are doing well). This leaves a 
total of 120 patients with malignant hypertension 
who were treated with the rice diet and in whom 
the effect of the rice diet on malignant hyper- 
tension can be studied. Fifty-two of these 120 
patients are living. 

Most of these patients, after an initial period 
usually of two to four months on the ‘“‘basic’”’ 
rice diet, received a ‘‘modified”’ rice diet which 
included small amounts of potato, cereals, non- 
leguminous and leguminous vegetables, meat, 
et cetera. In patients who continued under 
supervision the diet was increasingly liberalized 
as improvement permitted. Other patients 
discontinued the diet at various stages of treat- 
ment, but most of them continued to follow a 
salt-poor, fat-poor diet. 

The urinary excretion of chloride, calculated 
as NaCl, on the basic rice diet, except in pa- 
tients who are losing edema or who are acute or 
chronic salt losers) should be 5 to 15 mg. per 
100 cc. urine (determined in a twenty-four-hour 
urine collection) if properly adhered to; on the 
‘‘modified”’ rice diet, if correctly followed, it 
should be 15 to 25 mg. The chloride excretion in 
the urine therefore is a guide to whether or not 
the diet is being followed correctly. 

Three of the 120 patients were between twenty 
and twenty-nine years of age, seventeen be- 


* From the Department of Medicine, Duke University School of Medicine, Durham, N. C. This investigation was 
supported in part by a research grant from The National Heart Institute, National Institutes of Health, Public Health 
Service; and in part by the Anna H. Hanes Fund and by the Walter Kempner Foundation. 
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tween thirty and thirty-nine, fifty between forty 
and forty-nine, thirty-eight between fifty and 
fifty-nine, twelve between sixty and sixty-nine 
when the treatment was started. Of the fifty- 
two patients who are living two were between 
twenty and twenty-nine when the rice diet was 


TABLE I 
TOTAL PSP EXCRETION IN TWO HOURS AND SURVIVAL * 
Total PSP | | Survived 
ota 
Excretion me Number 
= — | Patients Dead Over Over 
7 | 6 Months | 1 Year 
Not done. ....| 0 0 
15 | 15 1 0 
es 7 | 7 0 0 
8 | 8 0 0 
1 1 0 0 
Above 46..... 1 | 1 0 0 
33 | 33 | 1 


* 33 patients: NaCl or Cl added to diet. 


started, five between thirty and _ thirty-nine, 
twenty-three between forty and _ forty-nine, 
sixteen between fifty and fifty-nine and six 
between sixty and sixty-nine. In our series age 
was not a significant factor in prognosis. 


RENAL AND ELECTROLYTE STATUS 


The two most important factors influencing 
the effectiveness of the rice diet in the treatment 
of malignant hypertension are the renal status 


- 
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(especially since salt-losing often precludes the 
use of the diet in patients with advanced renal 
involvement) and the length of time the patient 
is willing to adhere rigidly to treatment. 

In Tables 1 to 1v the survival times of the 120 
patients treated with the rice diet and of the 
thirty-three patients to whom supplementary 
NaCl or Cl was given are correlated with the 
renal function and ability to conserve electro- 
lytes: (1) Total PSP excretion in two hours 
(Tables 1 and 11); (2) blood non-protein nitrogen 
concentration (Tables 1 and tv); (3) inability 
to maintain adequate sodium and/or chloride 
levels in the serum on the rice diet. (Tables 1 
and Ill.) 

Tables 1 and 11 list the thirty-three patients in 
whom drastic salt restriction was not carried out 
because of inability to conserve sodium and/or 
chloride in the serum. Tables 1 and Iv list the 
120 patients who were treated with the rice diet. 

In Tables 1 and 1 the patients in both groups 
are listed according to the PSP excretion at the 
beginning of treatment. There were five patients 
who were critically ill in whom the PSP was not 
determined; all died in less than one year. There 
were twenty-eight patients with a total PSP 
excretion, in two hours, between 0 and 15 per 
cent. Twenty-six of the twenty-eight died in less 
than one year and none survived twenty-five 
months. Fifteen were salt losers receiving salt and 
thirteen were not, but with a total PSP excretion 
below 15 per cent in two hours the prognosis is 
nearly as bad in patients who do not lose salt as 
in those who do. 

There were forty-seven patients in whom the 
total PSP excretion was between 16 and 35 per 


TABLE II 
TOTAL PSP EXCRETION IN TWO HOURS AND SURVIVAL ° 
| Survived One Pati oe 
atients Living 
Total PSP Excretion in 2 Hours Number Number 
of 
(%) Dead 
atients 
Number | (%) | Number | (%) (average) 
32 21 19 59 11 34 3 
120 68 81 67 52 43 4 


* 120 patients treated with rice diet. 
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cent in two hours. Nineteen (40 per cent) of the 
forty-seven patients survived one year; eleven 
(23 per cent) are still living with an average 
survival time, so far, of three years. Fifteen of the 
patients in this group were salt losers and re- 
ceived salt; all of them died. 

There were thirty-five patients with a total 
PSP excretion between 36 and 55 per cent in two 
hours. Only one patient was a salt loser and 
received salt. Twenty-six (74 per cent) of the 
thirty-five patients survived one year; fifteen 
(43 per cent) are still living with an average 
survival time, so far, of four and one-half years. 

There were thirty-eight patients with a total 
PSP excretion in two hours of 56 per cent or 
more. Only one patient was a salt loser and re- 
ceived salt. Thirty-four (89 per cent) survived 
one year; twenty-six (68 per cent) are still living 
with an average survival time, so far, of five 
years. 

In Tables 11 and rv the patients in both groups 
are listed according to the initial non-protein 
nitrogen concentration in the blood. The non- 
protein nitrogen was over 60 mg. per 100 cc. of 
blood in thirty-seven patients. Twenty of the 
thirty-seven patients were salt losers and received 
salt; all twenty died. Of the seventeen who were 
treated with the rice diet, only three survived 
one year and only one (initial non-protein 
nitrogen 75 mg. per 100 cc. of blood; total PSP 
excretion in two hours 20 per cent) is still liv- 
ing four and one-half years after the start of 
treatment. 

In eighty-seven patients the non-protein nitro- 
gen was between 35 and 59 mg. per 100 cc. of 


blood. ‘Twelve of these patients were salt losers 
and received salt; all twelve died. Seventy-five 
were treated with the rice diet. Fifty-five (63 per 
cent) of the eighty-seven patients survived one 
year; thirty-seven (43 per cent) are still living 
with an average survival time of four years. 


TABLE II 
INITIAL BLOOD NPN LEVEL AND SURVIVAL* 
NPN Survived 
(mg. per Number 
100 cc. of of a 
blood) Patients _ Over Over 
(Range) 6 Months | 1 Year 
Over 100..... 6 6 0 0 
6 6 0 0 
60 to 74...... 8 8 0 0 
3 3 0 0 
35 to 49...... 9 9 1 0 
Below 35..... 1 1 0 0 
33 33 1 0 


* 33 patients: NaCl or Cl added to diet. 


In twenty-nine patients the non-protein 
nitrogen was below 35 mg. per 100 cc. of blood. 
One patient was a salt loser and received salt. 
Twenty-three (79 per cent) of the twenty-nine 
patients survived one year; fourteen (48 per cent) 
are still living with an average survival time so 
far of four years. 

The thirty-three patients who developed 
severe electrolyte imbalance are listed in Tables 


TABLE IV 
INITIAL BLOOD NPN LEVEL AND SURVIVAL* 
NPN (mg. per 100 cc. of blood) va "| Number 
(Range) Patients 
Number | (%) | Number | (%) lawerene) 

12 6 8 67 6 50 416 
63 32 47 49 4 

120 68 81 67 52 43 4 


* 120 patients treated with rice diet. 
1955 
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1 and 111; in these patients the rice diet treatment 
was discontinued. Development of marked 
electrolyte disturbance during drastic sodium 
and chloride restriction is a most ominous sign. 
Sodium chloride was given to fourteen during 
the first month of treatment, to seven during the 


(PSP excretion in the first fifteen minutes be- 
low 15 to 20 per cent), advanced renal impair- 
ment does not preclude an attempt at treatment 
with the rice diet and such treatment is not dan- 
gerous if the electrolyte balance can be con- 
trolled. The criteria for selection of patients for 


TREATED LESS THAN ONE YEAR THEN DISCONTINUED SUPERVISED TREATMENT 


1 living 


1 living 


NUMBER OF PATIENTS 


14 dead 


TREATED AT LEAST ONE YEAR THEN DISCONTINUED SUPERVISED TREATMENT 


] dead 


TREATED AT LEAST ONE YEAR AND CONTINUED SUPERVISED TREATMENT 


9 living 4 dead 
S 
—— 
4 6 O 2 4 6 


DURATION OF FOLLOW-UP (YEARS) 


@ Supervised treatment 


Supervised treatment, but not correctly followed 


© Supervised treatment discontinued 
ooo Exact date of death unknown 


Fic. 1. Survival time and period of treatment (thirty patients, total PSP excretion in two 
hours, 35 per cent or less). Living, eleven patients; dead, nineteen patients. 


second month and to seven during the third 
month. Five received chloride as NH4Cl, KCl 
or HCl during the second to seventh week. All 
thirty-three patients died; twenty-seven died in 
Duke Hospital after an average of seventy-one 
days, and the other six died shortly after return- 
ing home (one to four months after first being 
seen in our clinic). In general, the likelihood 
of electrolyte loss on the rice diet is greater in 
patients with a low PSP excretion and/or 
marked azotemia. However, the inability to 
conserve electrolytes may, in some instances, be 
the chief manifestation of renal dysfunction and 
may occur in the absence of severe impairment 
of PSP excretion or of marked azotemia. 

In contrast to surgical measures,!’~?° which 
are contraindicated when there is nitrogen 
retention or even moderate renal impairment 


drug therapy have not yet been worked out; 
renal impairment, advanced age, cerebral and 
coronary artery involvement may under cer- 
tain circumstances?!:*? contraindicate the use of 
hypotensive drugs; they do not contraindicate 
the use of the rice diet. However, Tables 1 to Iv 
indicate that far advanced renal impairment 
seriously diminishes the chances of successful 
treatment with the rice diet, as with other forms 
of treatment of malignant hypertension. 


TIME FACTOR 


Since 1944! it has been known that the malig- 
nant phase of hypertensive vascular disease can 
be reversed by the rice diet; occasionally we have 
seen papilledema disappear within as short a 
time as one month, and six months of treatment 
with the rice diet is usually enough to cause 
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malignant hypertension either to revert to 
‘“‘benign”’ essential hypertension or to disappear 
completely. 

However, the period of treatment required for 
modification of the underlying vascular disease 
and the degree to which it can be modified are 


treatment. With one exception (a patient who 
followed the diet poorly and died within eighteen 
months after first being seen in our clinic), 
the malignant phase of the disease had disap- 
peared within one year in all patients treated for 
that length of time. The subsequent course of 


TREATED LESS THAN ONE YEAR THEN DISCONTINUED SUPERVISED TREATMENT 


= 
2 
< 10 TREATED AT LEAST ONE YEAR THEN DISCONTINED SUPERVISED TREATMENT 
¥s 8 living 8 dead 
a 
WwW | 
= — 
=) 
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TREATED AT LEAST ONE YEAR AND CONTINUED SUPERVISED TREATMENT 


28 living 


6 8 


O 


1 
4 6 


2 


DURATION OF FOLLOW-UP (YEARS) 


MB Supervised treatment 


SS Supervised treatment, but not correctly followed 


OC) Supervised treatment discontinued 
0x Recurrent malignant hypertension 
ooo Exoct dote of death unknown 


Fic. 2. Survival time and period of treatment (seventy patients, total PSP excretion in 
two hours, 36 per cent or more). Living, forty-one patients; dead, twenty-nine patients. 


more variable. In patients with the most severe 
involvement, uninterrupted maximal dietary 
treatment (as checked by a chloride excretion 
below 15 mg., expressed as NaCl, per 100 cc. of 
urine) may be necessary for years or in some 
cases perhaps indefinitely to maintain improve- 
ment. On the other hand, one patient, age 
twenty, had a normal blood pressure after two 
months on the rice diet, and her blood pressure 
is still normal five and one-half years after she 
had had malignant hypertension, although for 
the past three years she has been on a normal 
diet. 

In Table v and Figures 1 and 2 the survival 
times are given according to the duration of 
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these patients was influenced by the severity of 
the underlying cardiovascular renal disease and 
the intensity and duration of treatment. In some 
patients improvement has been continuous; in 
others the vascular disease has remained sta- 
tionary; in others it has progressed and cardiac 
or renal failure, coronary or cerebral artery 
disease or other complications have caused 
death. The data on the present status of the 
patients are given here but it is not within the 
scope of this paper to discuss the effect of rice 
diet therapy on the course of hypertensive 
vascular disease except when it is in the malig- 
nant phase. 

There were one hundred patients (Table v) 
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who were treated with the rice diet and were 
followed after the initial period of treatment; in 
these patients the relation of the length of time of 
supervised treatment to the survival time could 
be studied. (The eighteen patients who died in 
Duke Hospital during the initial period of 


since they discontinued the diet. Two are being 
treated elsewhere for heart failure, five have 
continued on a “‘salt-poor, fat-poor”’ diet; two 
have resumed a general diet. 

Forty-three of the one hundred patients 
continued treatment with the rice diet; they 


TABLE V 
RELATION OF LENGTH OF TIME OF SUPERVISED TREATMENT WITH RICE DIET TO SURVIVAL . 
Survived One Year Patients Living 
Number 
Time of Supervised Treatment 
Number Number % Fears 
° | (average) 
Over one year: 
Supervised treatment discontinued (after 1 to 714, 
Supervised treatment continued (1 to 914, average 


* 100 patients treated with rice diet. 


t Seven of these patients died while supposedly following the rice diet; only three of the seven were following the 


diet correctly. 


{ Of the six patients who died after the first year of treatment, only three were following the diet correctly. 


treatment and two patients in whom the PSP 
was not determined are omitted.) 

In thirty-nine of the one hundred patients, the 
period of supervised treatment was two to twelve 
months. Seven of the thirty-nine died during 
this period while supposedly still following the 
diet; only three of the seven were following it 
correctly. Thirty-two of the thirty-nine were 
treated for two to twelve months, and then to a 
greater or lesser extent discontinued the treat- 
ment; only six (19 per cent) of the thirty-two are 
still living. 

Eighteen of the one hundred patients were 
treated one to seven and one-half, average three, 
years and then to a greater or lesser extent dis- 
continued the treatment. Nine of these (50 per 
cent) are still living. In three instances malig- 
nant hypertension recurred two and one-half to 
three and one-half years after discontinuing 
treatment, and in two of the three papilledema 
again disappeared during a second period of 
treatment with the rice diet, which was again 
discontinued; in one the malignant phase could 
not be reversed a second time; all three died. 
The nine who are living had been treated 
with the rice diet, strict and modified, for an 
average of three years before discontinuing it; 
they have survived an average of four years 


have been treated one to nine and one-half, 
average four years. Thirty-seven (86 per cent) 
of these are still living; of the six who died, only 
three were following the diet correctly. 

Since, as has already been indicated, there is a 
marked difference in survival of patients with a 
total PSP excretion below 35 per cent in two 
hours as compared to those with a total PSP 
excretion of 36 per cent or more in two hours, 
the effect of the time factor was studied in these 
two groups of patients separately. 

Thirty (Figure 1) of the one hundred patients 
had a PSP excretion (in two hours) below 35 per 
cent. Fifteen of these patients were treated six 
months or less. Eight died within the first year; 
six died after one to two, average one and one- 
half years; one is still living one year after treat- 
ment was started. 

Two patients discontinued treatment after 
one and one-half and two and one-half years, 
respectively; the first one died shortly thereafter; 
the other is still living two and one-half years 
after discontinuing supervised treatment. Thir- 
teen have continued treatment from one to 
five and one-half, average three years; nine 
(69 per cent) are still living. Of the four who died 
while supposedly still following the diet, two 
were following it well as shown by a chloride 
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excretion, expressed as NaCl, usually below 25 
mg. per 100 cc. of urine (as compared to 5 to 
15 mg. on the basic and 15 to 25 mg. on the 
correctly followed ‘‘modified”’ rice diet); two 
adhered to the diet poorly, chloride excretion 
44 mg. per 100 cc. of urine, average of the last 


treated less than six months; thirteen survived 
one year and five are still living (three years 
average after first being seen at our clinic). 

In forty-six patients the period of controlled 
treatment under our supervision was at least 
one year. Sixteen discontinued the diet after 


TABLE VI 
RETINOPATHY IN 100 PATIENTS TREATED WITH RICE DIET* 
Disappeared Disappeared 
Completely Partially No Change 
Number Time in Number Time in Number Time in 
of Months of Months of Months 
Patients | (averages) | Patients | (averages) | Patients | (averages) 
Papilledema (100 patients).............. 92 5 3 2 5 4 
Hemorrhages (90 patients).............. 69 8 16 8 5 4 
Exudates (94 patients).................. 56 15 30 7 8 5 


* Eyeground photographs available before and 1 to 121 months after treatment with the rice diet was started. 


five determinations in each of the patients. The 
nine who are still alive do not at all times follow 
the diet correctly; the average chloride excretion 
in the urine has been 25 to 40, average 32 mg. 
per 100 cc. (average of the last five to fifteen 
determinations in each instance). These patients 
continue to return here for examination and, if 
indicated, for short periods of strict treatment 
several times a year. 

Seventy patients (Figure 2) had a total PSP 
excretion of 36 per cent or more in two hours. In 
twenty-four the period of controlled treatment 
under our supervision was less than one year. 
Seven of the twenty-four died while supposedly 
still on the diet after six to nine, average seven 
and one-half months of dietary treatment; three 
were following the diet well (chloride excretion 
usually below 25 mg. per 100 cc. of urine); two 
were following the diet moderately well (chlo- 
ride excretion 36 mg. per 100 cc. of urine, 
average of the last three determinations in 
each instance); one was not adhering well to 
the diet (chloride excretion 53 mg. per 100 cc. 
of urine, average of the last five determinations) ; 
one had been given small amounts of toast and 
other additions to increase the salt content of 
the diet during the fourth month of treatment 
when electrolyte imbalance developed. The 
other seventeen patients in this group were 
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one to seven and one-half years: eight have 
died; eight are still living. 

Thirty continued to follow the rice diet, strict 
and modified: twenty-eight (93 per cent) are 
still living, one to nine and one-half, average 
four, years after first being seen here. ‘Two died 
while supposedly still on the diet: one was 
following the diet well (chloride excretion 
usually below 20 mg. per 100 cc. of urine), the 
other was following the diet only moderately 
well (chloride excretion 35 mg., average of ten 
determinations). 


EFFECT OF RICE DIET ON RETINOPATHY 


In 100 of the 126 patients with malignant 
hypertension in whom treatment with the rice 
diet was used, eyeground photographs are 
available before and after 1 to 121 months of 
treatment. (Table v1, Figure 3.) All the 100 pa- 
tients had papilledema before treatment and in 
ninety-two it disappeared completely with 
treatment. The eight in whom papilledema was 
not affected or did not completely disappear 
died. 

Ninety patients had hemorrhages before 
treatment. In sixty-nine the hemorrhages dis- 
appeared completely after two to thirty-one 
months. In sixteen they disappeared partially 
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after two to thirty-one months. In five there 
was no change after two to eight months. In 
two patients hemorrhages developed during 
treatment but were not present at the most 
recent examination. In three patients in whom 
hemorrhages had disappeared, they recurred 
and were present at the most recent examination. 


2 to 6 mg. (two patients), apresoline® 50 to 
150 mg. (twelve patients; one patient has 
taken as much as 400 mg. of apresoline at 
times), hexamethonium chloride 250 to 1500 mg. 
(eleven patients), and raudixin 50 to 150 mg. 
(nine patients). 

Table vi shows the length of treatment with 


TABLE VII 
FIFTEEN PATIENTS GIVEN HYPOTENSIVE DRUGS 
of Medication at Most Recent Fundi 
‘Drugs | Fundi before | Examination (mg. daily) | at Most 
Initials Diet Drugs Were | (as NaCl mg. Drugs Added Recent 
Started per 100 cc. 
(mo.) of urine)* Cs | Apresoline | Raudixin 
PHEt PHEt PHEt 
E. N. +++ 30 30 000 none|| 00 0 
J.N. +0-+ 30 40 000 1000 100 00 0 
H. G. +++ 24 28 000 100 00 0 
H. L. +> > + 21 37 000 100 00 0 
L. M. +++ 20 21 0++ 100 0+ 0 
J. M. +> +> 18 105 75 100f 00 0 
W. L. +++ 17 63 000 none || 00+ 
W. R. T+ + 14 36 00+ none|| 00+ 
B. T. +++ 14 23 000 , 150 00 0 
L. R. +++ 9 36 0+-+ 200-400 00 0 
P. C. +++ 9 26 0O++ 750 75 0o+-+ 
J.C. +++ 8 40 0O++ 750 100 150 00 0 
J. W. +0+ 6 34 0O++ 750 150 00 0 
J. K. +> + none || 00+ 
M. B.§ +++ 0 + ++ 100 150 00 0 


* Should be 5 to 15 mg. per 100 cc. of urine on the basic rice diet and 15 to 25 mg. on the correctly followed 


““modified”’ diet. 


+ PHE stands for papilledema, hemorrhages, exudates. 


{ 3 mg. veraloid plus medication as listed. 


§ Had received 25 mg. veraloid before she came to us, dose cut to 6 mg. during first four months, then all drugs 
stopped and resumed twenty-eight months later. (Chloride excretion 33 mg. per 100 cc. of urine before drugs restarted.) 

|| Had received 50-100 mg. apresoline, 500-1000 mg. hexamethonium, or 100 mg. raudixin singly or in combina- 
tion for two to ten months, but were not receiving medication at most recent examination. 


Ninety-four patients had exudates before 
treatment. In fifty-six the exudates disappeared 
completely after two to thirty-four months. In 
thirty they disappeared partially after one to 
twenty-two months; in eight there was no 
change after one to eleven months. In five 
patients in whom the exudates had disappeared, 
they were again present at the most recent 
examination. 

After zero to thirty-six, average fifteen, 
months of treatment by diet alone, fifteen of 
the one hundred patients were given hypo- 
tensive drugs in addition to the strict or modified 
rice diet for three to thirty, average fourteen, 
months. The drugs were used singly or in 
combination. The doses per day were: veraloid 
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the rice diet before drugs were added, the 
funduscopic findings before treatment with the 
rice diet, before the drugs were given and at the 
most recent examination, and the _ present 
medication. 

These drugs in the doses in which we have 
used them have caused a further lowering of 
the blood pressure in some instances but did 
not alter the course of the retinopathy nor was 
there any improvement of hypertensive heart 
or kidney disease noted which could be at- 
tributed to them. ‘Treatment with the drugs was 
started in only two instances before the dis- 
appearance of papilledema and these fifteen 
patients, therefore, have been included with 
the other patients. 
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EFFECTS OF RICE DIET ON PATIENTS 
FOLLOWED FOR AT LEAST ONE YEAR 


There are sixty-one patients who were re- 
examined here at least one year after treatment 
with the rice diet had been started. These 
sixty-one patients include fifty-seven of the 

TABLE VIII 


BLOOD PRESSURE IN SIXTY-ONE PATIENTS TREATED WITH 
RICE DIET* 


During Period of Strict- 
Before est Adherence to Rice At Most macent 
‘Treatment Diet Examination 
(average) (average f) 
219/134 168/105 184/109 


* Followed for at least one year. 
+ After 2 to 13, average 4, months. 
t After 1 to 919, average 4, years. 


sixty-one patients listed as treated for over one 
year in Table v, three patients who are listed 
as treated for less than one year but who were 
re-examined here one year after treatment with 
the rice diet had been started, and one patient 
who was followed here for thirteen months but 
whose present condition is not known. Of the 
sixty-one patients eighteen had a total PSP 
excretion of 16 to 35 per cent in two hours; 
twenty-three had a total PSP excretion of 
36 to 55 per cent in two hours; 20 had a total 
PSP excretion of 56 to 88 per cent in two hours. 
The effects of the rice diet on blood pressure, 
serum cholesterol, blood non-protein nitrogen, 
T, in the electrocardiogram, cardiothoracic 
ratio and renal function are shown in Tables 
vill to x1v. A comparison is made of the findings 
during the period of “‘strictest adherence to 
the rice diet’? with those at the most recent 
examination. 

Even during the period of “‘strictest adherence 
to the rice diet’? determinations of the chloride 
excretion in the urine showed that some patients 
were deviating from the prescribed diet; the 
chloride excretion of these sixty-one patients 
during the period of “‘strictest adherence to the 
rice diet’? was 5 to 52, average 18, mg. per 
100 cc, expressed as sodium chloride. 

Table vu lists the average blood pressures 
before treatment, during the period of “‘strictest 
adherence to the rice diet,’? and at the most 
recent examination. The average blood pressure 
of these sixty-one patients decreased from 219/ 
134 to 168/105 during the period of ‘“‘strictest 


adherence to the rice diet.’’ In eighteen (30 per 
cent) of the sixty-one patients the blood pressure 
decreased to 149/99 or below; in eight (13 per 
cent) of the sixty-one to 125/89 or below during 
the period of ‘“‘strictest adherence to the rice 
diet.”’ 


TABLE IX 
BLOOD NPN IN FORTY PATIENTS TREATED WITH RICE DIET * 
Range before During Period 
Treatment Number Before of Strictest = Most 
(NPN mg. per of Treatment | Adherence to 
Examination 
100 cc. of Patients | (averages) Rice Diet t 
blood) (averages fT) (averages }) 
36-45 22 39 33 32 
46-75 18 53 36 45 


* Followed for at least one year. Initial NPN 36 mg. or more per 
100 cc. of blood. 

t+ After 2 to 9, average 4, months. 

t After 1 to 919, average 3, years. 


Thirty-two of the sixty-one patients were 
following the rice diet well or moderately well 
at the most recent examination (chloride excre- 
tion, as NaCl, 24 mg. per 100 cc. of urine, aver- 
age of the most recent determinations, one to 
eight and one-half, average five, years after 
the rice diet had been started). The average 
blood pressure of these thirty-two patients at 
the most recent examination was 175/105 as 
compared to 217/132 before treatment and 
165/104 after the first two to six, average four, 
months on the rice diet. 

The other twenty-nine patients followed the 
diet moderately well to poorly most of the time 
since the initial period of strict treatment here 
(chloride excretion, as NaCl, 65 mg. per 100 cc. 
of urine, average of most recent determinations, 
1 to nine and one-half, average three, years after 
the rice diet was started). The average blood 
pressure of these twenty-nine patients at the 
most recent examination was 193/114 as com- 
pared to 220/136 before treatment and 170/106 
after the first two to thirteen, average five, 
months on the rice diet. 

In fifty-nine of the sixty-one patients blood 
NPN determinations are available before treat- 
ment, during the period of “‘strictest adherence 
to the rice diet,’ and at least one year after 
treatment was started. The NPN was elevated 
in forty of these patients and Table 1x shows 
the changes during treatment. In thirty-three 
(82 per cent) it was lower at the most recent 
examination than it had been initially. Three 
patients, who had had a normal NPN before 
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the rice diet was started, developed azotemia. 
All three had followed the diet poorly, chloride 
excretion 92 mg. per 100 cc. of urine, average 
of four to seven determinations each; the 
NPN, average, was 32 mg. per 100 cc. of blood 
before treatment, 31 mg. after the first four 


TABLE X 
SERUM CHOLESTEROL IN FORTY-SIX PATIENTS TREATED WITH 
RICE DIET* 
Serum Cholesterol (mg./100 cc.) 
During 
Serum Number Period of At Most 
Cholesterol of Before Strictest Recent 
Level Patients | Treatment | Adherence | Examina- 
(averages) to Rice tion 
Diet (averages f) 
(averagesT) 
Increased.......... 6 259 233 330 
Decreased:........ 40 288 199 200 
to 219 or below... 32 282 192 183 
to 220 or above... 8 312 230 266 


* Followed for at least one year. Initial cholesterol concentration in 


serum 220 mg. per 100 cc. or above. 
t After 2 to 9, average 4, months. 
t After 1 to 7, average 3, years. 


months, average, on the rice diet and 51 mg., 
two to five, average three, years after treatment 
with the rice diet had been started. 

In fifty-five of the sixty-one patients the 
cholesterol concentration in the serum was 
determined before treatment, during the period 
of ‘“‘strictest adherence to the rice diet’? and 
one to seven years after the treatment had been 
started. 

Forty-six (84 per cent) of these fifty-five 
patients had a serum cholesterol concentration 
of 220 mg. per cent or more when first seen 
here, and the data on these patients are shown 
in Table x. Only two of these forty-six patients 
had an increase in the serum cholesterol con- 


centration during treatment with the strict rice 


diet; the average cholesterol concentration in 
these two patients was 257 mg. per 100 cc. of 
serum before treatment and 290 mg. after the 
first four months, average, on the rice diet. 

In six patients (13 per cent) the serum cho- 
lesterol was higher at the most recent examina- 
tion three to six, average four, years after 
treatment with the rice diet was started than 
before. In forty (87 per cent) of the forty-six 
patients with an initial cholesterol concentration 
in the serum above 220 mg. the cholesterol con- 


centration in the serum decreased; in thirty-two . 


(70 per cent) of the forty-six it decreased to 
219 mg. per 100 cc. or below. In two of the 
nine patients who had had a cholesterol con- 
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centration in the serum of 219 mg. or below per 


100 cc. before treatment, the cholesterol con- 
centration in the serum increased to 220 mg. or 
above. In these two patients the cholesterol 
concentration in the serum, average, was 
215 mg. per 100 cc. before treatment, 212 mg. 


TABLE XI 
T, IN THE ELECTROCARDIOGRAM IN FORTY-NINE PATIENTS 
TREATED WITH RICE DIET* 


During 


At Most 
Period of 
Before Recent 
Strictest 
‘Treatment Examina- 
Adherence 


to Rice Diet 


(Number of | (Number of | (Number of 


Patients) Patients) Patients) 
T, upright.... 14 38 28 

T diphasic... . 10 4 5 

T, inverted.... 25 7 


* Followed for at least one year. 
t One patient who was following the diet poorly de- 
veloped a left bundle branch block. 


after the first three months, average, on the 
rice diet and 252 mg. two and one-half years, 
average, after treatment had been started. 

In forty-nine of the sixty-one patients electro- 
cardiograms are available for comparison (no 
digitalis, no infarction, etc.) before treatment, 
during the period of “‘strictest adherence to the 
rice diet’? and one to nine and one-half years 
after treatment had been started. (Table xr.) 
In thirty-five (71 per cent) Ty was abnormal 
before treatment; in ten it was diphasic; in 
twenty-five it was inverted. 

In fourteen patients IT) was upright before 
the rice diet was started; in none of the fourteen 
was there a change in the direction from upright 
to inverted after one and one-half to eight and 
one-half, average four, years. In nine of the 
ten patients in whom T, was diphasic before 
treatment it became normally upright after 
three to thirty-two, average eight, months of 
adequately followed dietary treatment. In one 
patient, it remained diphasic. In seven of the 
twenty-five patients in whom T, was inverted 
before treatment it remained inverted after 
one to three, average two, years. In eighteen 
(72 per cent) of the twenty-five patients there 
was a change in the direction from inverted to 
upright; in three Ty, became diphasic after 
seven to ten, average eight, months; in fifteen it 
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became normally upright after three to seven- 
teen, average eight, months. 

In twelve of the twenty-seven in whom the 
electrocardiogram had initially shown im- 
provement it again became more abnormal. 
Nine of the twelve were following the diet 


tion had again increased by 10 per cent or more. 
Fourteen of the twenty-one patients in whom 
cardiomegaly recurred were following the diet 
poorly; the cardiothoracic ratio, average, in 
these fourteen patients increased from 0.43 after 
the first four months, average, on the rice diet 


TABLE XII 
CARDIOTHORACIC RATIO IN FORTY-NINE PATIENTS TREATED WITH RICE DIET * 
During Period of Strictest aes 
Before Treatment PA At Most Recent Examination 
Initial Cardiothoracic 
Ratio (range) 
Number of CT Ratio Number of CT Ratio Number of CT Ratio 
Patients (averages) Patients (averages f) Patients (averages f) 
0.36 to 0.42 3 0.41 24 0.40 12 0.41 
0.43 to 0.47 17 0.45 18 0.45 16 0.46 
0.48 to 0.52 19 0.50 6 0.49 16 0.50 
0.53 to 0.59 10 0.56 1 0.53 5 0.55 
0.36 to 0.59 49 0.49 49 0.43 49 0.46 


* Followed for at least one year. 
+ After 1 to 22, average 6, months. 
t After 1 to 914, average 3, years. 


poorly. In one of the nine patients a left bundle 
branch block developed. : 

In forty-nine of the sixty-one patients com- 
parable chest films (no digitalis) are available 
before treatment, during the period of “‘strictest 
adherence to the rice diet’? and at the most 
recent examination one to nine and one-half, 
average three, years after treatment had been 
started. (Table xu.) Before treatment the 
cardiothoracic ratio was 0.42 or below in only 
three patients (6 per cent); during the period 
of ‘‘strictest adherence to the rice diet’”’ it was 
0.42 or below in twenty-four (49 per cent). The 
cardiothoracic ratio before treatment was over 
0.48 in twenty-nine (59 per cent); in nineteen 
it was 0.48 to 0.52 and in ten it was 0.53 to 0.59. 
During the period of “‘strictest adherence to the 
rice diet,’’ the cardiothoracic ratio was over 
0.48 in only seven (14 per cent). In these seven 
patients the average cardiothoracic ratio had 
decreased from 0.54 to 0.49 after the first five 
months, average, on the rice diet. 

In thirty-six (73 per cent) of the forty-nine 
patients the decrease in cardiothoracic ratio 
during the period of “‘strictest adherence to the 
rice diet’? was more than 10 per cent. In 
twenty-one of these thirty-six patients the 
cardiothoracic ratio at the most recent examina- 


to 0.50 at the most recent examination. In the 
seven patients who were following the diet 
“satisfactorily” and in whom _ cardiomegaly 
recurred, the cardiothoracic ratio increased 
from average figures of 0.40 to 0.46. 

TABLE XIII 


KIDNEY FUNCTION (PSP EXCRETION) IN FORTY PATIENTS 
TREATED WITH RICE DIET* 


Total PSP Excretion 
in 2 Hours (%) 
Number 
of At Most |. 
in Months 
Patients Before Recent (averages) 
Treatment | Examina- 
(averages) tion 
(averages) 
Diet poorly followed 
(after initial period): | 14 49 43 48 
Increased or 
unchanged..... 5 52 59 45 
Decreased..... 9 47 35 50 
Diet well followed: 26 44 47 46 
Increased or 
unchanged..... 17 43 54 51 
Decreased....... 9 44 37 38 


* Followed for at least two years. 


Table xm shows the change in total PSP 
excretion in two hours in forty patients treated 
with the rice diet, strict and modified, for 
two years or longer. In nine (64 per cent) of 
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the fourteen who followed the diet poorly after 
the initial period of treatment, the PSP excre- 
tion decreased; in five (36 per cent) it increased. 
In nine (35 per cent) of the twenty-six who 
followed the diet well it decreased; in seventeen 
(65 per cent) it increased. 


TABLE XIV 
KIDNEY FUNCTION (PSP EXCRETION) IN TWELVE PATIENTS 
TREATED WITH RICE DIET* 


Total PSP Excretion in 
2 Hours (%) 
Num- 
At Most 
a- 
Before Recent 
tients 
‘Treatment | Examina- 
(averages) tion 
(averages) 
| 
Diet poorly followed 
(after initial 
5 53 44 
Followed diet well. . . 7 52 60 


* Followed for at least five years. 


There are twelve patients in whom repeated 
determinations of the total PSP excretion in 
two hours are available after five years or more 
of observation. (Table xiv.) Five followed the 
diet poorly; the average PSP excretion in two 
hours of these five patients decreased from 
53 to 44 per cent. Seven have adhered to the 
diet well; in these seven the average PSP excre- 
tion in two hours has increased from 52 to 60 per 
cent. 

It usually takes at least three to four months 
of intensive dietary treatment to produce a sig- 
nificant decrease in the heart size and blood 
pressure and it frequently takes over one year 
for the inverted TT; in the electrocardiogram to 
become normally upright. For improvement in 
kidney function at least two to three years are 
needed. 


COMMENT 


When treatment with the rice diet was 
started in 1939 it was thought that extreme 
dietary restriction would have to be continued 
indefinitely to compensate for an underlying 
renal metabolic dysfunction. At present we have 
quite a few patients who have been able to 
resume a Salt-poor, fat-poor diet and some who, 
after an adequate period of intensive treatment 
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first with a strict and then with a modified rice 
diet, have been able to tolerate a general diet 
without recurrence of vascular disease. 

In patients with malignant hypertension 
treated with the rice diet before the PSP excre- 
tion in two hours has decreased to less than 
35 per cent, the prognosis is no longer as un- 
favorable as it was. Sixty (84 per cent) of the 
seventy-one patients with a total PSP excretion 
of 36 per cent or more in two hours survived 
one year (Table 1m) and had overcome the 
malignant phase of the hypertensive vascular 
disease. Of these sixty patients, thirty (Fig. 2) 
continued to follow the rice diet; twenty-eight 
(93 per cent) of the thirty are still living four 
years after initiation of treatment. However, 
since most cases of malignant hypertension are 
preceded by known “benign” hypertensive 
vascular disease, malignant hypertension can 
now be regarded as a preventable condition. 
Hypertensive vascular disease, no matter how 
mild the symptoms, should be treated immedi- 
ately and vigorously as soon as the diagnosis has 
been established, and in those patients who have 
already developed the malignant phase and have 
been successfully treated intensive dietary 
treatment should not be discontinued before 
the underlying disease has disappeared. 


SUMMARY 


One hundred seventy-seven patients with 
hypertensive vascular disease with papilledema 
(confirmed by eyeground photographs) were 
seen between October, 1942, and October, 1953. 
In six patients follow-up information is inade- 
quate or the treatment period too short for 
evaluation. 

In thirty-three patients with hypertensive 
neuroretinopathy who were willing to be 
treated with the rice diet, electrolyte imbalance 
developed within the first three months on the 
rice diet. Treatment with drastic salt restriction 
therefore could not be carried out, but addi- 
tional NaCl or other chloride was given. In 
thirty-one of these thirty-three patients the total 
PSP excretion in two hours was below 36 per 
cent. All thirty-three patients died. 

In eighteen patients treatment with the rice 
diet was not carried out at any time; only one 
of these is still living. 

In 120 patients with hypertensive neuro- 
retinopathy treatment with the rice diet was 
carried out. The period of treatment was from 
1 to 117 months. In 83 of the 120 patients the 
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total PSP excretion in two hours was below 
55 per cent. (This includes four patients in the 
terminal stage of the disease, in whom the PSP 
was not measured.) Forty-seven (57 per cent) 
of these patients survived one year; twenty-six 
(31 per cent) are still living four and one-fourth 
years (average) after treatment was started. In 
thirty-seven patients the total PSP excretion 
was 56 per cent or more in two hours; thirty- 
four (92 per cent) survived one year; twenty-six 
(70 per cent) are still living five years (average) 
after treatment was started. 

One hundred of the 120 patients were fol- 
lowed after the initial period of the treatment 
with the rice diet, and in these patients the 
relation of the length of time of supervised 
treatment to the survival time could be studied. 
In 39 of the 100 patients the period of super- 
vised treatment was two to twelve months. 
Seven of the thirty-nine died during this period 
while presumably still following the diet; only 
three of the seven were following it correctly. 
Thirty-two of the thirty-nine were treated for 
two to twelve months, and then to a greater or 
lesser extent discontinued the treatment; only 
six (19 per cent) of the thirty-two are still living. 

Eighteen of the 100 patients were treated 
one to seven and one-half, average three, years 
and then to a greater or lesser extent discon- 
tinued the treatment. Nine of these (50 per cent) 
are still living. 

Forty-three of the 100 patients were treated 
over one year with the rice diet and continued 
treatment. Thirty-seven (86 per cent) of these 
are still living; of the six who died, only three 
were following the diet correctly. 

The effect of the rice diet on retinopathy was 
studied in 100 patients in whom eyeground 
photographs were available. In ninety-two of 
the 100 patients, papilledema disappeared 
completely. 

The effects of the rice diet on blood pressure, 
serum cholesterol, blood non-protein nitrogen, 
T, in the electrocardiogram, cardiothoracic 
ratio and renal function were studied in sixty- 
one patients who were re-examined here at least 
one year after treatment had been started. A 
comparison of the findings before treatment, 
during the period of “‘strictest adherence to the 
rice diet” and at the most recent examination 
shows that the “strictest adherence to the rice 
diet’”’ produces the most favorable results. 
Dietary modifications therefore should be made 
gradually and with careful observations of 


blood pressure readings, blood chemical find- 
ings, electrocardiograms, chest films, eyeground 


photographs, etc. 

The results are interpreted as indicating that 
intensive dietary treatment should be started as 
early as possible and continued until all signs of 
the vascular disease have disappeared. 
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Effects of Restriction of Dietary Fat and 
Cholesterol upon Serum Lipids and 
Lipoproteins in Patients with Hypertension’ 


FREDERICK Harcu, M.p.,7 Ligse L. ABELL, 


PH.D. 


and Forrest E. KENDALL, PH.D. 
New York, New York 


HE effects of drastic restriction of dietary 

fat intake and elimination of cholesterol 

intake upon serum lipid patterns in 
patients with hypertension have been presented 
previously as part of an investigation of the 
Kempner rice diet.’ This therapeutic diet, 
which contains no cholesterol, practically no 
fat and only minimal amounts of protein, is of 
particular interest in the study of lipid metabo- 
lism in man. The investigations previously re- 
ported gave rise to the following findings: (1) A 
moderate decline in the average serum cho- 
lesterol levels was seen in most patients on the 
rice diet; in no case did the levels decrease below 
the normal range. (2) A neutral fat lipemia, to- 
gether with an increase in serum lipid phos- 
phorus and a decreased percentage of esterified 
cholesterol, was observed in one-third of the 
patients. The decreased percentage of esterified 
cholesterol was associated with the development 
in some patients of marked sensitivity to di- 
cumarol and of increased values for brom- 
sulfthalein retention and thymol turbidity. 
This pointed to the possibility that the effects 
on the serum lipids were brought about through 
impairment of hepatic function. 

The present report extends the studies to a 
larger number of patients and in addition 
presents observations during lesser degrees of 
restriction of dietary fat and cholesterol. Data 
on serum lipoprotein concentrations, as deter- 
mined with the ultracentrifuge, are presented. 

Several workers have correlated the serum 
cholesterol concentration in man with the 
dietary intake of cholesterol.?~* Within a broad 


range of intake levels there was no correlation 
with the serum total cholesterol. However, the 
report by Starke of studies in Kempner’s clinic 
demonstrated that drastic restriction of both 
fat and cholesterol in the rice diet produced 
significant decreases in the free and esterified 
cholesterol of serum.® 

Experimental studies in man by Keys,’ by 
Hildreth® and by Mayer? and their co-workers 
indicated that the intake of fats, both animal 
and vegetable in origin, has a definite influence 
upon the serum cholesterol level. On the other 
hand Kinsell and co-workers asserted that fats 
of vegetable origin do not tend to maintain high 
serum cholesterol levels and may even have a 
depressant effect.'° The weight reduction studies 
of Walker et al. showed that in the presence of 
low to moderate fat in the diet, the serum cho- 
lesterol and lipoproteins may vary in propor- 
tion to the total caloric intake.!! 

Investigations of the effects of dietary varia- 
tions upon the serum neutral fat or total lipids 
have not been reported, except in the previous 
communication from this laboratory.' Thus 
the lipemia observed in certain subjects during 
rice diet treatment has not received further 
elucidation. 


MATERIAL AND METHODS 


The patient material for this investigation 
consisted of a group of hospitalized individuals 
with severe essential hypertension. Most of the 
subjects had initial resting blood pressures 
greater than 200/120 mm. Hg and gave evi- 
dence of impaired function of the eyes, brain, 


* From the Research Service, First (Columbia University) Division, Goldwater Memorial Hospital, Department 
of Hospitals, New York City and the Department of Medicine, College of Physicians and Surgeons, Columbia Univer- 
sity, New York. Aided by grants from the National Heart Institute, The Public Health Research Institute of the 
City of New York, Inc., The Josiah Macy Foundation and the Albert and Mary Lasker Foundation. 

t Present address: U. S. Army, Medical Nutrition Laboratory, Fitzsimons Army Hospital, Denver, Colo. 
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heart or kidneys. Patients with detectable 
diabetes mellitus and glomerulonephritis were 
excluded. The program had the following 
dietary phases: 

Phase 1: A control period of four to eighteen 
weeks was conducted on a salt-poor diet of 
normal fat content (Diet 1) served from the 
hospital diet kitchen. 

Phase 2: The period on the control diet was 
followed by a period ranging from four to 
twenty weeks on the unmodified Kempner rice 
diet (Diet 1v). Forty-four patients have been 
studied in both Phases 1 and 2. 

Phase 3: Smaller groups of patients were 
studied on diets providing levels of fat and 
cholesterol intake intermediate between those 
of Phases 1 and 2. (a) Ten of the forty-four pa- 
tients of Phase 2 were subsequently studied on 
the rice diet supplemented by various amounts 
of protein and fat in the form of low-sodium 
milk and a _protein-carbohydrate powder* 
(Diet m1). (6) Ten of the forty-four patients of 
Phase 2 subsequently received a special low- 
sodium diet of greater palatability than the 
rice diet (Diet 1). (c) Six additional patients 
were studied on the special low-sodium diet 
(Diet 11) without a preliminary period on the 
rice regimen. The higher fat and protein con- 
tents of this diet were provided by lonalac,® 
protinal® and meat. 

All diets except the hospital salt-poor diet 
used in Phase 1 were served under strict control 
from a special diet kitchen.'! The composition 
of the diets is described in Table 1. Levels of 
daily fat intake of 85 gm., 55 gm., 20 to 40 gm. 
and 3 gm. were provided by the different 
regimens. Daily cholesterol intakes correspond- 
ing to the fat intake levels were approximately 
1.0, 0.10, 0.03 to 0.25 and 0 gm. per day. Each 
of the restrictive diets (u, 11, Iv) was supple- 
mented by one multiple vitamin capsulet and 
0.2 gm. of ferrous sulfate daily. 

Serum was analysed for free and total cho- 
lesterol, lipid phosphorus and neutral fat at 
weekly or bi-weekly intervals throughout the 
study. During the first year of the program all 


* Lonalac is a low-sodium milk powder having the 
same protein and fat content as whole milk when diluted 
as directed by the manufacturer. Generous supplies 
were provided by the Mead Johnson & Co., Evans- 
ville, Ind. Protinal (National Drug Co.) was blended 
with lonalac in some instances to enrich the protein 
content. 

{ Vi-penta Perles Forte® were kindly provided by 
Hoffmann-La Roche, Inc., Nutley, N. J. 
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bloods for analysis were drawn before the pa- 
tient had breakfast. It was found that on the 
diets under study there was no significant differ- 
ence in any of the serum lipid levels between 
samples taken during the fasting state and after 
the morning meal. Therefore during the last 


‘TABLE 
COMPOSITION OF DIETS 
Special 
Di Control Low- Rice 
(Diet 1) | Sodium (Diet tv) 
(Diet 11) (Diet 11) 
No. of patients studied. . 44 16 10 44 
Calories per day........ 2220) 2140 2600 2390 
Sodium chloride 
2.5 0.25 0.25 0.25 
Protein (gm./day)...... 85 90 40-80 30 
Carbohydrate (gm./day) . 280 320 530 560 
Fat (gm./day).......... 85 55 20-40 3 
Cholesterol (gm./day). . . 1.0 0.10* (0.03-0.25% 0 


* In the early part of this study the fat content of lonalac was derived 
entirely from milk. Five patients on Diet 1 received this product which 
provided about 0.25 gm. of cholesterol per day. More recently only one- 
fifth of the fat content of lonalac has been derived from milk and the 
remainder from coconut oil. Five patients on Diet 1m and all of those 
on Diet 1 received the latter product which provided 30 to 40 mg. of 
cholesterol daily. An additional small amount of cholesterol in Diet 
was derived from the meat. 


two years the samples were taken within two 
hours after the patient had breakfast. 

Samples for the ultracentrifugal determina- 
tion of the S¢ 12-20 and S; 20-100 lipoprotein 
fractions were obtained after the patients had 
been on the specified diet for two to eighteen 
weeks. These samples were refrigerated and 
shipped by air express to Dr. J. W. Gofman 
who performed the analyses according to his 
published technic.!*:!’ Only fasting bloods were 
used for ultracentrifugal lipoprotein analyses. 

Free and total serum cholesterol were deter- 
mined by the method of Schoenheimer and 
Sperry.'*:'° Lipid phosphorus was determined 
by the method of Fiske and Subbarrow’® after 
extraction and wet ashing of the lipids. Con- 
version of lipid phosphorus to phospholipids 
was made using the multiplication factor of 
twenty-five. Total lipid was measured gravi- 
metrically on the petroleum ether-soluble por- 
tion of an alcohol-ether extract of serum made 
according to the method of Bloor.!’ 

It was found that the gravimetric method for 
total lipid suffered from errors of considerable 
magnitude. The weighed residue contained 
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both inorganic salts and water. The gravimetric 
method was therefore compared with the 
manometric lipid carbon procedure of Van 
Slyke and Folch.'* This comparison demon- 
strated that subtraction of a constant value of 
200 mg. per cent from the observed total lipid 


within one week after institution of the change. 
Therefore the serum lipid levels reported are 
the averages of values observed after the first 
week on a given diet. The composition of the 
preceding diet had no significant residual in- 
fluence on the lipid levels after that time. 


TABLE II 
SUMMARY OF CHANGES IN SERUM LIPID LEVELS DURING RESTRICTION OF DIETARY FAT AND CHOLESTEROL. 
Intake 
m./d 
No. of (gm./day) total Lipid Neutral Fat 
Cholesterol Cholesterol | Phosphorus (mg. %) 
(mg. %) (mg. %) (mg. %) giles 
Fat Cholesterol 
Comtrol..... 16 85 1.0 64 +5 9.7+0.5 230 + 30 
Ferree 16 55 0.1 207 + 8 64 +5 9.6+0.3 280 + 20 
—12 + 14f —0.1 +0.6 +50 + 36 
Control. .... 10 85 1.0 ani. 61 +4 9.6 +0.5 190 + 20 
Diet m...... 10 20-40 0.03 6 | 59 +2 10.1 + 0.6 370 + 50 
—26 +17 —2+4 +0.3+0.8 +180f + 54 
Comtrod. ... . 44 85 1.0 244 + 6 64 +2 10.0 + 0.3 220 + 20 
ee 44 3 0.0 191 + 6 ae 10.0 + 0.4 370 + 35 
Difference. . . | —33f+ 9 —3+2 0.0 +0.5 +150f + 40 


Key to diets: 1, control diet; 11, special low sodium diet; 11, modified rice diet; Iv, rice diet. 


JN 


* Standard error of the mean: og = 


+ Standard error of the difference: op = 


1" o2" 


t Significant difference between control and experimental values. 


levels obtained by the gravimetric method gave 
agreement within plus or minus 5.5 per cent 
on the average with the Van Slyke-Folch 
method. This correction has been applied to 
all total lipid values. 

The concentration of the serum neutral fat 
was estimated by subtracting from the weight 
of total lipids the sum of the amounts of phos- 
pholipids, total cholesterol and the fatty acids 
of the cholesterol ester fraction (0.7 X weight 
of cholesterol in the esters). 

Since calculation of the neutral fat content 
incorporates the technical errors of four differ- 
ent analytic procedures, no great weight can 
be given to the absolute values reported. How- 
ever, the changes observed on the different 
diets are much larger than can be attributed 
to experimental errors. 

The full effects of each new dietary regimen 
on the serum lipids were generally established 


RESULTS 


Serum Lipid Levels on Control Period Diet. Dur- 
ing the control period (Diet 1) the hypertensive 
patients exhibited serum lipid levels which 
differed little from those of a series of healthy 


ambulatory subjects.* The two series were 


fairly matched for age and sex distribution ex- 
cept that there was a lower proportion of 
females above the age of fifty years in the healthy 
group than in the hypertensive series. Average 
serum lipid levels in fifty-one patients with 
hypertension were compared with single deter- 
minations of the lipid pattern in thirty-nine 
subjects who were leading normal lives and in 


* We are indebted to Dr. Alfred Steiner for serum 
lipid data on the healthy subjects. These individuals 
showed no abnormal findings upon physical examination 
or in the blood count, sedimentation rate, urinalysis, 
electrocardiogram and chest x-ray. 
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TABLE III 
AVERAGE SERUM LIPID LEVELS DURING PERIODS OF CONTROLLED FAT AND CHOLESTEROL INTAKE 
Intake 
Age - (gm./day) Total Free Lipid Neutral 
Patient Diet Cholesterol | Cholesterol | Phosphorus Fat 
ex Fat Bissdieeeiaa (mg. %) (mg. %) (mg. %) (mg. %) 

A. A. 65, M I 85 1.0 220 58 9.4 230 
IV 3 0.0 210 76 12.8 700 
A. B 35, F I 85 1.0 200 49 7.8 150 
IV 3 0.0 160 45 8.6 170 
F. B. 58, M I 85 1.0 200 62 23.3 270 
IV 3 0.0 250 93 15.9 1080 
I. B. 56, F I 85 1.0 240 90 14.9 490 
IV 3 0.0 300 100 14.4 550 
H. C 63, M I 85 1.0 210 60 8.6 280 
IV 3 0.0 160 52 8.1 510 
I. C. 56, F I 85 1.0 250 68 11.3 370 
IV 3 0.0 220 73 11.0 530 
J. Co. 32, F I 85 1.0 160 46 7.8 100 
IV 3 0.0 140 39 T128 240 
R. C. 48, M I 85 1.0 230 62 10.9 230 
IV 3 0.0 150 47 8.5 240 
S. D. 52, M I 85 1.0 190 52 8.6 120 
IV 3 0.0 170 47 8.1 200 
R. E 40, F I 85 1.0 190 57 8.4 90 
IV 3 0.0 130 40 tua 150 
P. F. 21, F I 85 1.0 190 52 9.3 280 
IV 3 0.0 130 44 8.3 390 
A. H. 54, M I 85 1.0 200 57 9.2 270 
IV 3 0.0 220 65 Pe 520 

W.H 60, M I 85 1.0 260 re 4 10.8 

1V 3 0.0 200 53 8.5 
J. I 41, F I 85 1.0 220 62 10.3 320 
IV 3 0.0 190 63] 10.2 220 
D. K. 48, F I 85 1.0 220 61 9.8 120 
IV 3 0.0 170 47 8.1 180 
E. K. 50, F I 85 1.0 200 9.3 270 
IV 3 0.0 160 8.6 370 
G. K. 48, M I 85 1.0 240 72 10.8 360 
IV 3 0.0 190 57 290 
C. L 54, M I 85 1.0 320 87 2.3 470 
IV 3 0.0 250 84] 13.7 580 
S. L. 60, M I 85 1.0 280 80 11.2 100 
IV 3 0.0 210 61! 9.3 130 

A. Ma. 44,F I 85 1.0 290 79 13.9 

IV 3 0.0, 260 75} 12.9 
A. Mo. 42, F I 85 1.0 240 71 10.3 110 
IV Ss 0.0 170 54 9.4 260 

jury, 1955 
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TABLE 11 (Continued) 
| | Intake 
| | (gm. /day) 
.- | Total Free Lipid Neutral 
Patient and Diet | Cholesterol | Cholesterol | Phosphorus Fat 
Sex | | (mg. %) (mg. %) (mg. %) | (mg. %) 
Fat Cholesterol 
B.M. | 55,M I 85 1.0 220 60 9.3 310 
| IV 3 0.0 210 69 11.7 720 
1.0 280 84 12.7 340 
| E ae 3 0.0 200 60 9.6 190 
M. P ST; I 85 1.0 250 75 9.6 40 
ow 3 0.0 190 68 11.8 740 
oe 85 1.0 170 49 8.2 140 
| Po 3 0.0 130 43 7.4 170 
ee 1 ee I 85 1.0 290 86 12.7 320 
| IV 3 0.0 250 77 a 250 
M.Su. | 67,F I 85 1.0 220 64 10.1 170 
| IV 3 0.0 240 94 13.4 720 
J. W. 54, M I 85 1.0 240 78 9.1 200 
IV 3 0.0 190 63 8.8 230 
49, M I 85 1.0 200 52 8.2 240 
rT 55 0.1 160 48 8.6 380 
M. F 40, M I 85 1.0 200 65 8.0 330 
II 55 0.1 190 54 9.6 320 
cA. 62, F I 85 1.0 230 70 12.4 420 
U1 55 0.1 240 76 11.6 290 
G.s Om 85 1.0 99 15.2 530 
rT 55 0.1 280 | 88 12.7 510 
B. V. 54, F I 85 1.0 270 | 71 11.2 160 
1 55 0.1 240 | 75 11.2 280 
| 
M. W. 55, F I 85 1.0 250 | 73 11.1 250 
u 55 0.1 250 | 79 10.9 350 
| 
F.S 66, M I 85 1.0 190 | 52 8.0 180 
M1 20-40 0.25 140 | 44 7.5 210 
Ac. 50, M 85 1.0 220 | 66 9.4 190 
tu 55 0.1 220 | 70 10.1 290 
IV 3 0.0 190 | 58 9.0 220 
B. F 51, F I 85 1.0 210 | 61 8.9 170 
u 55 0.1 190 | 62 9.1 220 
IV 3 0.0 200 70 10.3 370 
49, M I 85 1.0 200 58 8.7 90 
i 55 0.1 180 61 8.9 240 
IV 3 0.0 150 48 8.1 210 
J.R. 48, M I 85 1.0 240 68 9.7 190 
11 55 0.1 220 67 9.6 240 
IV 3 0.0 210 76 9.6 320 
L.S 56, M I 85 1.0 180 61 7.8 190 
II 55 0.1 160 46 7 190 
IV 3 0.0 160 53 6.8 200 
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TABLE 111 (Continued) 


Intake 
Age (gm. /day) 
Patient and Diet 
Sex 
Fat Cholesterol 
M. Si 37, M I 85 1.0 
Il 55 0.1 
IV 3 0.0 
D. W. 46, F I 85 1.0 
II 55 0.1 
IV 3 0.0 
J. Ce. 46, F I 85 1.0 
Ill 20-40 0.04 
IV 3 0.0 
R. G. 53, M I 85 1.0 
20-40 0.25 
IV 3 0.0 | 
M. K. 54, F I 85 1.0 
II 20—40 0.25 
IV 3 | 0.0 
III 20-40 0.25 
IV 3 0.0 
C. R. 49, M I 85 1.0 
II 20—40 0.25 
IV 3 0.0 
A. W. 65, M I 85 1.0 
Ill 20-40 0.04 
IV 3 0.0 
V.B 48, F I 85 | 1.0 
II 55 0.1 
Ill 20-40 0.04 
IV 3 0.0 
J. M. 44,.M I 85 1.0 
II 55 0.1 
IIT 20—40 0.04 
IV 3 0.0 
S. R. 36, F I 85 1.0 
II 55 0.1 
Ill 20-40 0.04 
IV 3 0.0 


‘Total Free Lipid Neutral 

Cholesterol Cholesterol | Phosphorus Fat 

(mg. %) (mg. %) (mg. %) (mg. %) 
150 35 130 
210 67 9.0 260 
160 48 7.8 110 
230 71 10.0 250 
220 66 9.3 260 
190 63 10.2 480 
240 61 10.4 160 
270 75 12.4 220 
230 66 $353 360 
290 88 12.5 280 
150 41 170 
190 56 | 9.8 240 
250 73 11.6 260 
200 68 11.9 700 
180 64 11.4 440 
240 65 » 250 
220 70 12.4 550 
210 66 12.0 580 
160 53 7.9 140 
160 53 9.2 330 
150 49 9.2 310 
180 48 8.5 170 
200 60 10.1 370 
160 50 8.5 150 
220 | 59 9.6 50 
200 | 58 9 4 230 
170 54 8.6 340 
180 56 8.2 110 
200 | 58 9.0 160 
190 56 9.2 250 
210 | 64 11.4 510 
190 72 11.6 640 
200 56 10.9 280 
180 63 8.6 210 
190 | 56 | 10.0 280 
190 | 55 | 10.0 330 
| 


Key to diets: 1, control diet; 1, special low sodium diet; 11, modified rice diet; tv, rice diet. 


whom medical examination revealed no evi- 
dence of disease. 

No appreciable difference existed between the 
two groups in average levels of free and esterified 
cholesterol and lipid phosphorus. The average 
serum neutral fat level was 46 mg. per cent 


higher in the patients with hypertension; this‘ 


difference was statistically significant (P = 0.05). 
Effects of Restriction of Dietary Fat and Cholesterol 
on Serum Lipids and Lipoproteins. ‘The average 


jury, 1955 


changes in the serum lipid levels observed during 
restriction of dietary fat and cholesterol are 
summarized in Table mn. The mean lipid con- 
centrations observed upon each of the experi- 
mental diets are compared with those of the 
control period. The only statistically significant 
changes were a 15 per cent decrease in serum 
total cholesterol on the rice diet (Diet tv), a 95 
per cent increase in serum neutral fat on the rice 
diet supplemented with from 20 to 40 gm. of fat 


| | 
| } 
| 
| 
ig 
4 
— 
| 
| 
| 
| 
or 
ry 
| 
| 
j 
we 
j 
| 
| 
| 
| i 


54 Serum Lipids and Lipoproteins—Hatch et al. 


per day (Diet m1) and a 68 per cent increase in 
serum neutral fat on the unmodified rice diet 
(Diet tv). 

The average serum lipid levels observed in the 
individual hypertensive patients during the 
different dietary periods are given in Table m1. 


TABLE IV 
SUMMARY OF CHANGES IN SERUM LIPOPROTEIN LEVELS 
DURING RESTRICTION OF DIETARY FAT AND CHOLESTEROL 


Intake Serum Lipoproteins 
m./day mg. % 
Fa No. of (g / y) (mg. %) 
Patients 
Fat | Cholesterol | S¢ 12-20 | S¢ 20-100 
Sih eae 9 85 1.0 59 93 
Era 9 55 0.1 66 106 
Difference...... | | +7 +13 
| 18 56 96* 
Ree 18 3 0.0 65 194* 
Difference...... +9 +98* 
Key to diets: 1, control diet; 11, special low sodium diet; 11, modified 


rice diet; Iv, rice diet 
* Data on Sf 20-100 fraction were available in only ten patients. 


It will be noted that the shift from the control 
to the experimental diets was followed by 
changes which varied greatly among the differ- 
ent subjects. 

The changes from control levels in the average 
serum total cholesterol occurring on the rice 
diet ranged in different individuals from a 
decrease of 100 mg. per cent to an increase of 
60 mg. per cent. Serum free cholesterol changes 
ranged from a decrease of 32 mg. per cent to an 
increase of 31 mg. per cent; lipid phosphorus 
from a decrease of 3.1 mg. per cent to an increase 
of 4.4 mg. per cent; and neutral fat from a 
decrease of 150 mg. per cent to an increase of 
810 mg. per cent. In the smaller groups of 
patients studied on Diets 1 and m1 there was also 
little uniformity of the response in the serum 
lipids. 

The average changes in the serum lipoprotein 
levels observed during restriction of dietary fat 
and cholesterol are summarized in Table tv. The 
mean lipoprotein concentrations observed upon 
two of the experimental diets (Diets m and Iv) are 
compared with those of the control period. The 
only statistically significant change was a 100 
per cent increase in the concentration of the 
S;, 20-100 lipoprotein fraction on the rice diet 
(Diet rv). 

The serum lipoprotein concentrations ob- 
served in individual subjects during the different 
dietary periods are recorded in Table v, to- 


gether with the serum lipid values obtained 
upon the same serum samples. As in the case of 
the serum lipids the response of the serum 
lipoproteins to the experimental diets varied 
greatly among different subjects. 

The serum lipid and lipoprotein levels deter- 
mined throughout the studies on two representa- 
tive patients are illustrated in Figures 1 and 2. 

Fluctuation of Serum Lipid Components. Many 
of the hypertensive patients showed large fluctu- 
ations of the serum lipid concentrations in the 
course of serial determinations. These fluctua- 
tions were not appreciably affected by restric- 
tions of dietary fat and cholesterol. Forty-eight 
patients were observed for average periods of 
six weeks on the control diet and eight weeks on 
the rice diet. The average ranges of fluctuation 
(difference between lowest and highest values 
in individual patients) were as follows: total 
cholesterol control diet 47 mg. per cent, rice diet 
46 mg. per cent; lipid phosphorus control diet 
1.6 mg. per cent, rice diet 2.4 mg. per cent; 
neutral fat control diet 190 mg. per cent, rice 
diet 290 mg. per cent. Comparable information 
is not available in the healthy subjects. 

Liver Function. Following the observation 
that a decreased percentage of esterified choles- 
terol was frequently observed in patients on 
the rice diet, studies of liver function were made 
utilizing the usual clinical tests. Although during 
the control period normal results were obtained 
in twenty-five patients, approximately 20 per 
cent of these patients developed abnormal 
bromsulfthalein retention (over 10 per cent of 
dye retained at forty-five minutes*), and 25 
per cent abnormal thymol turbidity (over 6.0 
units) while on the basic rice diet (Diet Iv). 
The two findings usually did not occur in the 
same patients. Abnormal cephalin flocculation 
tests developed in only two patients. Abnormali- 
ties of serum bilirubin and alkaline phosphatase 
levels or urinary urobilinogen excretion were not 
observed. 

Sensitivity to dicumarol was abnormally great 
in seven of nine patients studied on the rice diet. 
Prothrombin times!® forty-eight hours after an 
oral dose of 300 mg. of dicumarol exceeded those 
of a group of hypertensive subjects who received 
the drug while on the control diet. (Table v1.) 


COMMENTS 


Patients with essential hypertension exhibit 
more severe arteriosclerosis than normotensive 


* Dose of dye 5 mg./kg. of body weight. 
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TABLE V 
SERUM LIPOPROTEIN LEVELS WITH CONCOMITANT SERUM LIPID LEVELS DURING PERIODS OF CONTROLLED 
INTAKE OF FAT AND CHOLESTEROL 


, Intake Total Free Lipid Neutral 
Patient (wk) (gm. /day) Cholesterol | Cholesterol | Phosphorus Fat 
| Fat ! Cholesterol S- (mg. %) (mg. %) (mg. %) | (mg. %) 

A. B. I 6 85 1.0 40 222 58 8.5 110 
IV 5 3 0.0 37 157 43 8.6 110 

T. B I 6 85 1.0 185 161 258 92 13.5 470 
IV 6 3 0.0 120 167 240 82 15.4 350 

H.C I 6 85 1.0 48 202 54 7.8 240 
IV 6 3 0.0 33 148 43 7.0 300 

G. D I 6 85 1.0 40 76 208 68 9.3 150 
II 8 55 0.1 56 131 217 60 10.6 350 

IV 7 3 0.0 45 126 199 60 9.2 270 

B.. F. I 6 85 1.0 94 116 212 63 8.9 100 
II 3 55 0.1 97 95 199 60 8.6 220 

IV 2 3 0.0 107 284 220 74 11.4 470 

A. H. I 6 85 1.0 24 242 62 9.6 230 
IV 10 3 0.0 37 188 74 4 510 

J. K. I 6 85 1.0 33 62 182 54 8.0 140 
Il Yi 55 0.1 41 82 229 68 10.2 230 

IV 8 3 0.0 40 126 163 48 8.3 220 

A. Ma. I 2 85 1.0 88 295 81 13.7 200 
IV 18 3 0.0 143 230 88 14.4 620 

B. M. I 6 85 1.0 29 228 63 9.4 240 
IV 6 3 0.0 108 227 76 12.6 700 

I. M. I 6 85 1.0 59 238 64 10.7 130 
IV 6 3 0.0 86 187 52 9.1 220 

J. M. I 6 85 1.0 69 109 207 59 9.0 160 
II 8 55 0.1 75 148 233 74 9.9 250 

II 1144 | 60 0.1 101 226 208 60 13.3 450 

IV 4 3 0.0 66 450 198 70 + 650 

G. P I 2 85 1.0 24 171 47 7.4 200 
IV 4 3 0.0 29 164 44 7.9 190 

J.R. I 6 85 1.0 69 103 237 77 10.2 330 
Il 10 55 0.1 69 82 220 70 9.6 330 

IV 3 3 0.0 54 219 215 76 9.8 320 

L.S I 2 85 1.0 41 41 160 50 t.a 190 
II 2 55 0.1 41 69 172 44 Tad 150 

IV 3 3 0.0 47 114 154 57 6.8 310 

M. Si. I 6 85 1.0 33 59 140 44 6.4 40 
II 4 55 0.1 54 58 187 52 8.5 180 

IV 5 3 0.0 55 88 162 48 7.8 180 

A. W. I 6 85 1.0 29 200 56 8.5 140 
IV 5 3 0.0 53 175 48 9.0 170 

D. W. I 6 85 1.0 52 150 215 58 10.0 340 
II 1.5 |] 55 0.1 58 155 233 65 9.6 280 

IV 5 3 0.0 50 226 216 65 10.4 350 

J. W. I 6 85 1.0 45 80 231 72 9.4 200 
IV 7 3 0.0 62 138 262 80 8.1 50 

M. W. I 6 85 1.0 114 114 274 78 11.8 200 
II 4 55 0.1 107 137 208 78 10.3 380 

Key to diets: 1, control diet; 11, special low sodium diet; 11, modified rice diet; iv, rice diet. 
Jury, 1955 
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Fics. 1 and 2. Serum lipid and lipoprotein levels in two patients. 


AMERICAN JOURNAL OF MEDICINE 


2 
400 | | 


Serum Lipids and Lipoproteins—Hatch et al. 57 


individuals of the same age and sex.”° Dietary 
‘treatment is often recommended for these 
patients in the hope that either the elevated 
blood pressure, the arteriosclerotic process, or 
both will be benefited. A controlled experi- 
mental approach has been utilized in this and 


‘TABLE VI 
DICUMAROL SENSITIVITY * 


Undiluted 
Plasma 
(1-8) 


Prothrombin ‘Time in 


Seconds 
Ten patients on control diet: | 
Nine patients on rice diet: 


* Prothrombin times before and forty-eight hours after 
single oral dose of 30 mg. of dicumarol. 


the related investigations! in order to elucidate 
the clinical and metabolic effects of various 
dietary restrictions in patients with hypertension. 
Patients have been studied on diets with three 
degrees of restriction of fat and cholesterol 
intake. 

The fat intake levels of the restricted diets 
ranged from 3 to 55 gm. per day and the 
cholesterol intake levels from 0 to 0.25 gm. per 
day. The salt and protein contents of the diets 
were additional variables. With respect to 
sodium chloride intake no significant changes in 
serum lipid pattern were produced by the 
addition of 0.5 to 3 gm. of sodium chloride per 
day to the low sodium regimens (Diets nm, 11 
or 1v) of five patients. The influence of varia- 
tions in protein intake has not been fully 
assessed. No effect on the serum lipid levels was 
produced by raising the protein content of the 
supplemented rice diet (Diet m1) to 40 and to 
80 gm. per day. The rice diet (Iv) is unusual 
in the very character of its foods since it contains 
only rice, fruits and fruit juice and sugar. 
Therefore it is possible that some unrecognized 
deficiency contributed to the results obtained 
with this diet. 

Partial or nearly complete restriction of 
dietary fat and cholesterol under the conditions 


jury, 1955 


of these studies failed to reduce serum lipid and 
lipoprotein levels in any patient below the 
normal range of values. ‘The question is raised 
as to how these serum concentrations are main- 
tained in the absence of direct dietary contribu- 
tions of fatty acids and cholesterol. 

Unless a starvation regimen be imposed the 
restriction of dietary fat implies an increase in 
the carbohydrate intake. Chaikoff*! and 
Stetten?? and their co-workers have shown in 
experiments with rats that a large proportion 
(perhaps one-third) of ingested glucose is 
transformed into fat before utilization. This 
transformation, which is at least partly under 
the control of insulin, is carried on actively 
at normal and high levels of carbohydrate intake 
and regardless of the absence of fat or protein 
from the diet. 

Since the storage capacity of the body for 
carbohydrate is limited, conversion of carbo- 
hydrate into fat is to be expected when food 
intake exceeds energy requirements. Evidence 
for such a conversion is available in our studies. 
A comparison of changes in total body water 
(measured by means of antipyrine*) with 
changes in body weight occurring on the rice 
diet (1v) revealed that in eleven of the seventeen 
patients studied there was a greater loss of 
water than of weight. The magnitude of these 
increases ranged from 1 to 10 kg. over periods 
of three to fifteen weeks on the rice diet. ‘This 
paradox presumably resulted in part from 
increases in the body fat. Confirmatory evidence 
is provided by the finding of a postabsorptive 
respiratory quotient slightly greater than 1.0 in 
one subject who was gaining weight while 
losing body water. Such a respiratory quotient is 
generally presumed to indicate the transforma- 
tion of carbohydrate into fat. 

The continuation of normal serum cholesterol 
concentrations after elimination of the dietary 
cholesterol intake is probably also due to an 
active mechanism for endogenous synthesis. 
Abundant supplies of the known precursors of 
cholesterol are available from the metabolic 
pools of small organic molecules in the body. 
Abell and Kendall?* in this laboratory have 
shown that the excretion of cholesterol in the 
feces is not greatly reduced in patients on the 


* For these measurements we are indebted to the 


‘ New York University Research Service, Goldwater 


Memorial Hospital. Drs. M. Dunning and E. Y. Berger 
performed the studies of total body water and Dr. Mor- 
ton Galdston determined respiratory quotients in 
selected patients. 
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rice diet. (Table vu.) Four patients excreted 
amounts (0.3 to 0.9 gm. per day) of total 
digitonin-precipitable sterols ranging from 50 to 
125 per cent of their excretion on the control 
diet. The average change on the restricted diet 
was a decrease of only 20 per cent in fecal sterol 


TABLE VII 
FECAL STEROL EXCRETION DURING CONTROL AND RICE DIETS 
Total Digitonin-precipitable 
Sterols (mg./day) 
Weeks on 
— Rice Diet 
Change 
Control (1) | Rice (iv) 
(%) 
F. S. 28 430 300 | —30 
B. M. 6 480 600 +25 
H. C. 6 1150 920 — 20 
A. W. 11 730 350 —53 
Average 700 540 —23 


excretion despite the fact that dietary sterol 
intake decreased from 1 gm. per day on the 
control diet’ to 0.1 gm. per day of plant sterols 
(digitonin-precipitable) on the rice diet (iv). 
This study provides strong evidence of an active 
synthesis and excretion of cholesterol in the body 
when the exogenous supply of preformed 
cholesterol is cut off. 

There was a marked variation in the response 
of different individuals to the dietary restrictions. 
The changes in concentration of the serum 
lipids and lipoproteins following restriction of 
dietary fat and cholesterol cannot be predicted 
for any given patient. The type of change ob- 
served cannot be correlated with the degree of 
elevation of the blood pressure, with the response 
of the blood pressure to treatment, with the 
presence or absence of overt arteriosclerosis, or 
with changes in body weight. 

In these studies changes in cholesterol intake 
did not have any effect distinct from that result- 
ing from fat restriction. ‘The special low sodium 
diet (Diet 11) which provided 55 gm. of fat but 
only 40 mg. of cholesterol daily did not significantly 
change the serum lipid or lipoprotein levels from 
the values observed on the control diet (Diet 1), 
which contained 85 gm. of fat and 1 gm. of 
cholesterol daily. Our observations indicate 
that it is the restriction of dietary fat rather than 
cholesterol which affects the metabolism of the 
serum cholesterol and other lipids. This finding 


is in agreement with the results of Keys’* and of 
Hildreth et 

It has been shown that patients on the rice diet 
frequently develop abnormal responses'to some 
of the tests used to evaluate liver function. In a 
previous paper! these abnormalities were con- 
sidered to be indicative of a mild disorder of liver 
function which might also be responsible for the 
changes in the serum lipid pattern observed 
during restriction of dietary fat. This point of 
view has now been modified. With one excep- 
tion the abnormal results in thymol turbidity 
tests occurred only in patients who exhibited 
neutral fat lipemia on the rice diet. We have 
observed that transient elevation of the thymol 
turbidity test also occurs during alimentary 
lipemia. Kunkel and Hoagland?® have reported 
that false-positive thymol turbidity tests are 
associated with the lipemia occurring in the 
nephrotic syndrome. Thus it seems probable 
that the elevations of thymol turbidity observed 
in this study are related to changes in the serum 
lipoproteins involved in the reaction with thymol 
rather than to disordered function of the liver. 

The hypersensitivity to dicumarol noted in 
this investigation was probably due to faulty 
absorption of vitamin K occasioned by decreased 
absorption of fat on the restricted diet. The 
hypersensitivity could be abolished either by 
adding fat to the diet or by administering 20 mg. 
per day of a water-soluble preparation of 
vitamin K. 

The decline in the percentage of cholesterol in 
the ester fraction and the occasional finding of 
increased bromsulfthalein retention thus remain 
as the only indicators of hepatic dysfunction in 
patients on the rice diet. Although altered 
metabolic processes in the liver probably con- 
tribute to the observed changes in serum lipid 
and lipoprotein patterns, there is no cogent 
argument for clinically important liver damage. 


SUMMARY AND CONCLUSIONS 


Controlled observations of serum lipid and 
lipoprotein levels have been made in a series of 
hospitalized patients with severe essential hyper- 
tension undergoing both partial (twenty-three 
patients) and practically complete (forty-four 
patients) restriction of dietary fat and choles- 
terol. ‘here is no information to indicate that the 
observations reported here are peculiar to the 
hypertensive individual. 

Three major findings resulted from this 
investigation: (1) The restriction of dietary fat 
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to 3 gm. per day and elimination of cholesterol 
intake did not reduce the serum lipid or lipo- 
protein levels in any patient below the normal 
range of values. Compensatory metabolic mech- 
anisms exist for maintaining the serum lipid and 
lipoprotein concentrations when lipid is not 
available in the diet. Carbohydrate and protein 
appear to be ready sources for endogenous 
synthesis of the lipids present in the serum. 
(2) The results of drastic dietary restriction of 
fat and cholesterol showed great variability 
among patients in the effects on the serum lipid 
patterns. Serum cholesterol ester levels usually 
declined with restriction of daily fat intake 
below 40 gm. Free cholesterol and lipid phos- 
phorus concentrations showed no consistent 
change. However, one-fifth of the patients 
undergoing such restriction exhibited a lipemia 
chiefly marked by elevation of the serum neutral 
fat. Data on serum lipoproteins showed that 
the dietary restriction did not significantly alter 
the concentration of the S; 12-20 class of 
particles and that substantial increases in the 
S;_ 20-100 class were provoked. The response of 
the serum lipids and lipoproteins to restriction 
of dietary fat was not predictable for any given 
patient. ‘The type of change observed was not 
correlated with the severity of the hypertension 
or with the presence or absence of arteriosclerotic 
complications. (3) The restriction of dietary 
fat rather than the restriction of dietary choles- 
terol is responsible for the observed alterations 
of the serum concentrations of cholesterol and 
other lipids. 
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nN 1951 Peterson reported that the addition of 
mixed soybean sterols to a _ cholesterol- 
enriched diet fed to chicks prevented the 
hypercholesterolemia which otherwise occurs on 
a high cholesterol diet.1 On the basis of this 
observation he proposed that the absorption of 
cholesterol is interfered with by one or more of 
the constituents of soybean sterol mixtures, 
most likely sitosterol. That sitosterol might 
interfere with reabsorption of cholesterol secreted 
into the intestinal tract in mice had previously 
been suggested by Sperry and Bergmann.’ 

Stimulated by Peterson’s report and the grow- 
ing body of evidence linking cholesterol with 
atherosclerosis? a number of investigators have 
been exploring the effects in man of the admin- 
istration of soy sterols, with conflicting results 
reported.*:> Unreported studies in this laboratory 
noted a hypocholesterolemic effect in man of a 
soy sterol mixture containing approximately 
80 per cent gamma-sitosterol, the greater part of 
the remainder being stigmasterol. 

In a preliminary report® we summarized the 
effects of the administration of beta-sitosterol 
(a stereoisomer of the gamma-sterol) up to 
eighteen weeks on nine patients on an un- 
restricted diet. The sterol used was derived 
from tall oil or cottonseed oil and contained 98 
per cent beta-sitosterol. In all patients there was 
a reduction in serum total cholesterol, the mean 
fall ranging from 6.7 to 20.0 per cent of the 
control level. A reduction in the ratio of total 
cholesterol to lipid phosphorus was also noted. 

Sufficient data have now been obtained in 
fourteen patients to permit evaluation of the 
effects of the prolonged administration of beta- 
sitosterol on serum cholesterol and other lipid 
fractions. 

METHODS 


Fourteen subjects (Table 1) were studied for 
periods ranging from thirteen to sixty-four 


weeks, the mean period of observation being 
forty weeks. Twelve subjects had elevated serum 
cholesterol levels not associated with hypo- 
thyroidism, diabetes mellitus or the nephrotic 
state. The remaining two volunteers were 
‘‘normal.’? A major factor in the selection was 
the ability and willingness of the subjects to 
cooperate and adhere to the prolonged schedule 
of treatment. 

Six to 8 gm. of beta-sitosterolf was admin- 
istered orally immediately before the ingestion of 
food, the usual total being 20 to 25 gm. per day. 
As much as 50 gm. per day has been admin- 
istered on occasion. A placebo preparation, 
similar in appearance, taste and consistency, was 
administered for one or more periods to each 
patient. At no time did the patient know whether 
he was taking sitosterol or a placebo and, with 
the exception of the three faculty members 
included in the study (H-1, H-2, H-4), none 
was aware that a placebo was used. This pre- 
caution was taken to avoid possible influence of 
such knowledge on the patient’s selection of diet, 
particularly with regard to fat and cholesterol 
content. There was no restriction as to the 
amount or type of diet. 

Each patient was seen at one or two week 
intervals, his weight recorded, and a fasting 
specimen of blood drawn at approximately 
9 a.M. The blood was allowed to clot and the 
serum separated by centrifugation. If there was 
any evidence of hemolysis the specimen was dis- 
carded. Total cholesterol was determined by the 
method of Abell,’ lipid phosphorus by the 
method of Zilversmit,* and total lipid by the 
method of de la Huerga.® Multiplication of lipid 
phosphorus by 25 permits its expression as 
phospholipid. That portion of the total lipid not 


+ Supplied by Eli Lilly and Company, Indianapolis, 
Ind. 


* From Department of Medicine and Institute for Medical Research, University of Louisville School of Medicine, 
and the Louisville General Hospital. This work was supported by grants from Eli Lilly and Company, Indianapolis, 
Indiana, and the Commonwealth of Kentucky Medical Research Commission. Presented in part at the meeting of the 
American Society for the Study of Arteriosclerosis, 1954, Chicago, III. 
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accounted for as phospholipid or cholesterol was 
designated neutral fat.'° 

In seven subjects the effect of sitosterol on 
serum lipoproteins, as determined by _ ultra- 
centrifuge, was studied. At intervals during 
both control and treatment periods a sufficient 


(H-6) are shown in Figure 1. During each of the 
three periods of sitosterol administration serum 
total cholesterol and total lipid were maintained 
at levels significantly below the mean control 
values. The substitution of a placebo preparation 
during the first two control periods was accom- 


‘TABLE I 
CLINICAL DATA OF SUBJECTS TREATED WITH SITOSTEROL 


| | 


| Sitosterol 
Patient | “€¢ 28d | Observation | Therapy Remarks 
Sex | (weeks) | 
| _ (weeks) 

A-6 43, M | 34 28 Xanthoma tuberosum (confirmed by biopsy) 

A-5 43,M | ad 36 Acute myocardial infarction six weeks prior to treatment; angina 
pectoris 

A-4 41,M 48 40 Acute myocardial infarction one year prior to treatment; angina pectoris 

H-7 77, F 56 52 Acute myocardial infarction three years prior to treatment; angina 
pectoris 

A-3 51, F 28 20 Xanthelasma 

H-6 50, M 56 32 Acute myocardial infarction nine years prior to treatment; obesity 

H-8 40, F 64 52 Undiagnosed disease one year prior to treatment (hypertension, ana- 
sarca, proteinuria, abnormal pattern of serum proteins by electro- 
phoresis and acute arteritis by biopsy; duration four months) 

H-5 33, M 60 52 Labile hypertension 

A-2 41,M 22 16 Acute myocardial infarction eighteen months prior to treatment; 
xanthelasma 

H-4 58, M 62 56 Peripheral arterial insufficiency 

H-3 65, M | 13 8 Acute myocardial infarctions one, four and five years prior to treatment; 
angina decubitus 

A-1 34, F 34 28 Idiopathic hyperlipemia 

H-2 | 43,M | 24 8 Obesity; otherwise “normal” 

H-1 46, M 22 8 **Normal”’ 


amount of blood was collected from these sub- 
jects to permit this additional analysis. The 
portion of the serum specimen for ultracentrif- 
ugal analysis was refrigerated and shipped air 
mail to Indianapolis. Analysis was performed at 
a solution density adjusted to 1.063, and a 
template employed to facilitate the calculations. !! 


RESULTS 


Changes in serum lipids consequent to sitos- 
terol administration in a representative patient 


panied by a return to the pretreatment range. 
During the final control period the patient 
received neither sitosterol nor a placebo, and 
again serum lipids returned to the pretreatment 
range. The lack of consistent effect on lipid 
phosphorus in this patient is considered repre- 
sentative; most other patients, however, demon- 
strated a more consistent fall in neutral fat 
during sitosterol administration. 

The effects of sitosterol administration on the 
various serum lipids in the fourteen patients 
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Fic. 1. Effects of repeated administration of sitosterol; effects of sitosterol on the various serum lipi 


ds of a representa- 


tive hypercholesterolemic patient. Broken lines indicate mean control. 


studied are presented in composite dot diagrams 
(Figs. 2, 3, 4, 5 and 6) constructed in a similar 
manner. The per cent deviation from mean con- 
trol values is represented on the vertical axis. 
At the left each dot represents one control 
determination, expressed as per cent deviation 
from the mean control value for that subject. 
To the right of the broad vertical line the data 
are expressed in terms of months, each dot 
representing the mean of the two to four deter- 
minations made during the month. The mean 
control level is represented by the broken line; 
the solid line represents the mean effect of 
sitosterol administration. The two _ patients 
(A-1 and A-6) with pronounced hyperlipemia 
displayed unusual spontaneous fluctuations in 
serum lipids and are designated by triangles. 
The administration of beta-sitosterol is ac- 
companied by a consistent fall in serum total 
cholesterol. (Fig. 2.) This effect is manifested by 
the end of one week, and a further decline occurs 
during the succeeding several weeks. The effec- 
tiveness of sitosterol in lowering serum cholesterol 
is sustained throughout the period of study, there 
being no indication of a tendency to ‘‘escape.”’ 
The degree, approximately 20 per cent, and 
consistency of the reduction in serum total lipid 


Juty, 1955 


(Fig. 3) are similar to those of cholesterol. Since 
serum cholesterol constitutes only about one- 
third of the total lipid, it is evident that one or 
more other serum lipids must be decreased 
following administration of sitosterol. 

A less pronounced and less consistent effect 
was observed on serum lipid phosphorus. (Fig. 
4.) The variability of the lipid phosphorus dur- 
ing both control and treatment periods can be 
seen to be appreciably greater than that of 
either total cholesterol or total lipid. 

The remainder of the total lipid not accounted 
for as phospholipid or cholesterol has been 
designated neutral fat. The mean reduction in 
neutral fat (Fig. 5) is in general comparable to 
that in cholesterol. An even greater degree of 
variability of neutral fat is apparent. 

The ratio of serum total cholesterol to lipid 
phosphorus has been described as being rela- 
tively constant.!2 The variability in control 
values of this ratio (Fig. 6) is therefore some- 
what unexpected. Some reduction of the total 
cholesterol/lipid phosphorus ratio resulted from 
sitosterol administration, a reflection of the 
greater reduction of cholesterol as compared to 
that of lipid phosphorus. 

The mean levels of each of the various serum 
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Fic. 2. Per cent change; serum total cholesterol (fourteen subjects). Effect of sitosterol on serum total cholesterol. 


The triangles designate values in two patients (A-1 and A-2) with pronounced hyperlipemia (see text). 
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Fic. 3. Per cent change; serum total lipid (thirteen subjects). Effect of sitosterol on serum total lipid. 
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Fic. 4. Per cent change; serum lipid phosphorus (fourteen subjects). Effect of sitosterol on serum lipid phosphorus. 
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Fic. 5. Per cent change; serum neutral fat (thirteen subjects). Effect of sitosterol on serum neutral fat. 
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lipids during control periods and periods of 
sitosterol administration are tabulated in Table 
1. All determinations of serum lipids are in- 
cluded in the data presented except those made 
during the two-week period immediately follow- 
ing discontinuation of sitosterol. These values 


% Deviation 
from Mean 
Control Values 


The two patients with pronounced hyper- 
lipemia, designated by triangles in Figures 2 to 6, 
deserve special comment. One subject, A-6, 
displayed marked elevation of all the lipid frac- 
tions determined, with a mean control serum 
total cholesterol of 843 mg./100 ml. The other 
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Fic. 6. Per cent change; ratio serum total cholesterol /lipid phosphorus. Effect of sitosterol on serum total cholesterol / 


lipid phosphorus ratio. 


were omitted in order to minimize any possible 
persistent sitosterol effects on the control values. 
Data on serum total lipid and neutral fat are 
missing for subject H-8, whose serum displayed 
a peculiar clotting tendency that made routine 
determination of total lipid impractical. 

The subjects are listed in order of decreasing 
control level of serum cholesterol. It can be 
seen that all patients displayed a fall in choles- 
terol; the fall ranged from 28.8 per cent of the 
control level in patient A-5 to 6.5 per cent of the 
control value in subject H-2. It will be observed 
that in general the higher the control level of 
cholesterol the greater the fall during sitosterol 
administration, not only in absolute values but 
in terms of per cent as well. Thus the twelve 
hypercholesterolemic patients experienced a 
mean fall of 16.0 per cent while the two “‘nor- 
mal”? subjects had a mean fall of 6.8 per cent. 


subject, A-1, displayed an increase chiefly in 
neutral fat, her mean control cholesterol being 
224 mg./100 ml. In both there were wide fluctua- 
tions in serum lipid levels during both control 
and treatment periods (Table 1m). Although the 
mean fall in cholesterol and other lipids dis- 
played by these two subjects is comparable to 
that of the other patients, the wide fluctuations 
make interpretation difficult and more observa- 
tions will be needed to evaluate fully the effects 
of sitosterol in such hyperlipemic subjects. 

The mean levels of serum lipoproteins of the 
S; classes determined during control periods and 
periods of sitosterol administration in seven 
patients are shown in Table m. Although a trend 
toward lower levels of S; 3-100 lipoproteins dur- 
ing the administration of sitosterol is apparent, 
this effect is much less consistent than that on 
serum cholesterol and total lipid. 
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COMMENTS 


A sustained lowering of serum total cholesterol 
results from the prolonged administration of 
beta-sitosterol. A concomitant reduction in 
serum total lipid, neutral fat and, to a lesser 
degree, lipid phosphorus occurs. The employ- 
ment of a placebo during control periods and the 
failure of any of the patients to lose weight 


during the period of study, would seem to 
eliminate any possibility that the effects ob- 
served were due to dietary modification. The 
number of determinations performed in each 
patient allows for the recognized variability in 
serum cholesterol. 

Studies with animals have done much to 
explain the probable mechanism of the hypo- 


TABLE II 


EFFECTS OF SITOSTEROL ON SERUM LIPIDS 
(Expressed in mg./100 ml.) 


Total Cholesterol | Lipid Phosphorus Neutral Fat Total Lipid TC/LP Ratio 

Patient | 7 
| Sitos- Sitos- Sitos- Sitos- Sitos- 
Control Control Control Control Control 
A-6 Mean 843 614 33.5 28.1 3092 2264 4772 3581 24.1 21.8 
S.D 56 84 0.9 2.9 542 290 500 413 0.9 1.9 
A-5 Mean 361 257 17.5 13.9 457 283 1254 889 20.4 18.7 
S.D 26 12 1.6 | 74 106 123 138 | ; 
A-4 Mean 330 281 14.7 13.5 349 278 1019 899 22.5 20.9 
S.D 19 15 1.3 0.1 52 46 73 34 1.2 1.9 
H-7 Mean 297 237 14.8 13.3 269 177 937 743 20.3 18.0 
S.D 13 14 1.7 2.5 54 60 26 56 2.9 1.4 
A-3 Mean 286 253 16.1 14.3 213 193 902 804 S7xe 17.7 
S.D 17 11 1.3 1.9 38 57 75 36 1.3 | Pe 
H-6 Mean 285 244 12.8 2:23 314 290 927 839 22.6 20.6 
S.D. 13 11 ta 1.4 106 43 103 22 2.6 oe 
H-8 Mean 276 214 15.1 12.1 18.4 17.6 
S.D 4 27 1.2 9 1.8 1.5 
H-5 Mean 273 235 14.7 13.6 412 403 1054 965 19.0 17.6 
S.D 10 11 2:2 1.5 47 48 73 80 3.6 1.8 
A-2 Mean 264 243 12.6 13.0 208 180 788 749 21.1 18.9 
S.D. 7 11 1.5 0.4 38 41 24 31 Y a 
H-4 Mean 261 233 12.1 12.9 338 235 902 790 21.8 18.4 
S.D 16 17 1.6 1.2 86 34 64 52 2.4 , 
H-3 Mean 260 229 42:2 11.4 357 298 920 813 21 .5 20.3 
S.D 11 14 1.1 5.0 57 1 43 3 y 1.8 
A-1 Mean 224 206 12.6 13.1 1520 664 2059 1198 17.8 15.2 
S.D 68 43 3.1 1.9 739 259 870 344 4.0 2.9 
H-2 Mean 215 201 11.4 13.8 291 212 791 758 18.9 14.9 
S.D 10 9 1.0 ‘1 42 94 37 131 1.5 0.9 
H-1 Mean 196 182 10.7 10.2 290 240 752 688 18.6 17.9 
S.D 11 7 1.3 1.4 73 67 57 23 23 3.2 
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cholesterolemic effect of sitosterol. The sugges- 
tion that sitosterol acts by interfering with the 
absorption of cholesterol from the digestive 
tract!:* has been confirmed by Hernandez using 
the technic of thoracic duct cannulization in 
rats.'+15 He fed C!4-labeled cholesterol, alone 


‘TABLE III 
EFFECT OF SITOSTEROL ON SERUM LIPOPROTEINS 


Sp 3-10 St 10-30 Se 30-100 | Fotal 

(gm. / (gm. / (gm./ Cholesterol 

100 ml.) 100 ml.) 100 ml.) (mg./ 

100 ml.) 

Patient 
| | | | 

Sitos- | Con-_ Sitos- | Con-_ Sitos- | Con- | Sitos- 
trol — terol | trol terol | trol | terol | trol | terol 
A-4 46 | .28 ; .06 | .05 | .09 | .06 | 360 | 266 
H-6 07 | 304 | 253 
4-2 01 | 270 | 238 
| .44 | .29 | 10] .05 | .12 | .07 | 261 | 261 


and in conjunction with either beta-sitosterol or 
mixed soy sterols, and observed that addition of 
the plant sterols resulted in a pronounced de- 
crease in the C!4 recovered in the thoracic duct 
lymph. 

The structural formulas of cholesterol and 
beta-sitosterol are quite similar, differing only in 
the presence of an ethyl group on carbon-24 of 
sitosterol. Both possess a free hydroxyl group on 
carbon-3. It is by means of this carbon-3 
hydroxyl group that cholesterol, in the presence 
of bile salts and pancreatic esterase, combines 
with fatty acids to form cholesterol esters. ‘That 
soy sterols under the same conditions also form 
esters has recently been shown by Swell and 
coworkers. !® 

Esterification of the greater part if not all of 
the cholesterol absorbed occurs at some point 
between its introduction into the gut and its 
arrival in the lymph. Peterson has observed that 
when cholesterol is fed as an ester its rate of 
absorption is decreased rather than increased. 1!’ 
This observation is best understood if esterifica- 
tion is considered as a step in the transport 
mechanism by which cholesterol is absorbed. 
Thus prior esterification would be expected to 
impede rather than to facilitate absorption. 

In view of these considerations it is suggested 
that sitosterol interferes with cholesterol ab- 
sorption by competing for esterification, a step 
in the transport mechanism by which cholesterol 


is absorbed. Schoenheimer failed to demonstrate 
by chemical methods any absorption of sitos- 
terol, and it was long considered to be essentially 
non-absorbable.'* Recently Gould, employing 
tritium-labeled sterols, has restudied the absorp- 
tion of cholesterol and sitosterol.!® He observed 
that beta-sitosterol was absorbed, though much 
less readily than cholesterol. Sitosterol also 
disappeared from the blood much more rapidly 
than cholesterol and did not accumulate in the 
body. The demonstration that sitosterol is 
absorbed, though poorly, perhaps lends support 
to the concept that it acts by competing with 
cholesterol for absorption. 

It seems probable that sitosterol interferes 
with the absorption of the cholesterol excreted in 
the bile as well as that present in the diet since 
both are introduced into the intestine in the free 
state. That the results of sitosterol administra- 
tion are not identical with those of restriction of 
dietary cholesterol (a measure that does not 
consistently lower serum cholesterol unless 
accompanied by restriction of dietary fat?®) is 
most likely due to its effect on biliary cholesterol. 

The administration of sitosterol is accom- 
panied by a significant lowering of serum 
neutral fat. This is presumably a secondary 
effect to the lowering of serum total cholesterol, 
an appreciable part of which is present in 
complex combinations also containing neutral 
fat. The possibility remains, however, that 
sitosterol in the dosage administered might 
interfere also with fat absorption, leading to 
lower levels of serum neutral fat and contribut- 
ing to the reduction of serum cholesterol. 
Results of current studies of the effect of sitos- 
terol on fat absorption may serve to clarify 
the mechanism by which sitosterol lowers serum 
neutral fat. 

Gofman and coworkers have been concerned 
with the physicochemical state of the serum 
lipids as determined by the analytical ultra- 
centrifuge and as expressed in Svedberg units of 
migration (S;). They report that restriction of 
dietary fat results in a reduction of the serum 
levels of S¢ 12-100 lipoproteins, classes which 
they consider to be particularly concerned with 
atherosclerosis.”! ‘The administration of sitosterol 
also appears to effect a lowering of these classes 
of lipoproteins. 

The amount of sitosterol employed in these 
studies, 20 to 25 gm. per day, was largely empiric. 
As little as 10 gm. per day has been noted to 
have a hypocholesterolemic effect; higher dos- 
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age, up to 50 gm. per day, appeared to have a 
more pronounced effect, but optimal dosage has 
not yet been determined. 

Attempts to lower or otherwise alter the 
serum lipids and lipoproteins have been the 
natural outgrowth of the cholesterol concept of 
atherogenesis. ‘The changes in serum lipids and 
lipoproteins resulting from sitosterol administra- 
tion, on theoretical grounds, may be considered 
desirable in atherosclerotic states. The absence 
of any toxic or adverse side effects of sitosterol 
permits continuation of these studies to evaluate 
its effect on atherosclerosis in man. 


SUMMARY 


1. The effects of the plant sterol, beta-sitos- 
terol, on serum cholesterol, other lipids and 
lipoproteins have been studied. Twenty to 25 gm. 
of sitosterol per day was administered for pro- 
longed periods to fourteen patients on free diets. 

2. A sustained lowering of serum total choles- 
terol results from the prolonged administration 
of sitosterol. A concomitant reduction in serum 
total lipid, neutral fat and, to a lesser degree, 
lipid phosphorus occurs. 

3. A trend toward lower levels of S; 3-10, 
10-30 and 30-100 classes of lipoproteins occurs 
during sitosterol administration but this effect is 
less consistent than the reduction of serum 
cholesterol. 

4. The effects of sitosterol are attributable to 
its interference with absorption of cholesterol. 
They are not identical with those of dietary 
cholesterol restriction, since sitosterol would 
seem to reduce absorption of cholesterol present 
in the bile as well as that present in the diet. 

5. It is suggested that sitosterol interferes with 
cholesterol absorption by competing for esterifi- 
cation, a step in the transport mechanism by 
which cholesterol is absorbed. 

6. The changes in serum lipids and lipo- 
proteins resulting from sitosterol administration 
are in the direction generally considered desir- 
able in atherosclerosis, and the absence of any 
toxic or adverse side effects permits its further 
study in man. 
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The Serum Lipid Pattern in Hyperthyroidism, 
Hypothyroidism and Coronary 
Atherosclerosis’ 


RICHARD J. JONES, M.D., Louis COHEN, M.D., and HowaArpb Corsus, M.D. 


Chicago, Illinois 


HE influence of thyroid activity upon the 
serum lipids has been well documented !~* 
| and its clinical usefulness defined.+~7 
With the recent advent of new methods for 
describing the serum lipids with the analytic 
ultracentrifuge® and filter paper electrophore- 
sis,? efforts are again being made to recog- 
nize some abnormality in the serum lipid 
pattern which might distinguish the hyper- 
lipemia of myxedema from the hyperlipemia 
which may accompany atherosclerosis of the 
coronary arteries.!°!! ‘This would seem _ to 
be of more than passing interest in view of the 
current controversy over the relationship of 
hypothyroidism to atherosclerosis. 


MATERIAL AND METHODS 


Fasting serum was obtained from patients in 
the University of Chicago Clinics who mani- 
fested hypothyroidism, hyperthyroidism or coro- 
nary artery disease. Over a three-year period 
samples were obtained from twenty-five patients, 
of whom twenty-one were females, with une- 
quivocal hyperthyroidism as yet uncontrolled by 
therapy. The criteria for hyperthyroidism were 
the usual clinical signs supported by a basal 
metabolic rate of more than +20 per cent 
and/or a serum protein bound iodine level above 
8 wg. per cent. Conversion ratios and data on 
thyroid uptake of I!*! were obtained through the 
kindness of Dr. Dwight Clark when necessary. !4 
Of these patients, three had an associated 
diastolic hypertension, one had the anginal 
syndrome and two had malignant exophthalmos. 

In the same period, sera were obtained from 
seventeen patients with untreated hypothy- 


roidism, of whom ten were females. Thirteen of 
these patients could be said to have true myx- 
edema by the criteria of Gildea, Man and 
Peters,® including response to therapy. The 
remaining four were atypical only in that they 
had an equivocal therapeutic response. Of this 
total group, two were in congestive heart failure, 
one was troubled with the anginal syndrome, 
one patient had hypertension and two more had 
significant cardiomegaly. ‘Thus approximately 
one-third of these patients had suggestive 
evidence of heart disease, although none had an 
electrocardiographic pattern diagnostic of previ- 
ous myocardial infarction. 

Many patients with corenary artery disease 
have been followed by periodic analyses of their 
serum lipids. From this large group were selected 
a few patients to be matched with the hypo- 
thyroid patients as to sex, age and serum 
cholesterol level. ‘These groups were matched 
with some difficulty because of the sex difference 
in the two disorders and a difference in age 
distribution in the two groups. In order to 
match the high serum cholesterol levels found in 
certain hypothyroid patients, we included one 
man with a previous myocardial infarction and 
xanthoma tendinosum and tuberosum, and two 
women who had as yet manifested no evidence 
of coronary disease but had xanthoma ten- 
dinosum in one case and xanthoma planum in 
the other. One myxedematous woman, age 
thirty-three, could not be matched with any 
coronary disease patient, but was matched with 
a twenty-five-year old woman with comparable 
cholesterol level and a _ presumptive family 
history of coronary disease. The remainder of 


* From the University of Chicago, Department of Medicine, Chicago, II]. Presented in part before the Midwestern 
Sectional Meeting of The American Federation for Clinical Research in Chicago, II]., this investigation was supported 
by a research grant from The National Heart Institute of The National Institutes of Health, Public Health Service. 

t Present address: Boston Veterans Administration Hospital, Boston, Mass. 
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72 
this matched group all had uncomplicated 
coronary artery disease (as defined by the New 
York Heart Association Committee of Diag- 
nostic Criteria'®), either proved myocardial 
infarction or the anginal syndrome. Sex, serum 
cholesterol level and age were matched as 


Serum Lipid Patterns—Jones et al. 


and Page!’ and centrifuged for thirteen hours 
at 30,000 r.p.m. in the 30.2 rotor of the Spinco 
Model L centrifuge. The top fraction was 
removed and diluted to 2 cc. with salt solution 
of 1.21 density and analyzed in the Spinco 
Model E ultracentrifuge, exposures being made 


TABLE I 
COMPARISON OF THE MEAN OF THE SERUM LIPID FRACTIONS AND ITS STANDARD ERROR IN HYPOTHYROID AND 
HYPERTHYROID PATIENTS 


one cont) centrifugal Analyses) 
5: P (mg. per cent) 
Number 
of Per 
—Si.0 | —S1.21 
Phos- | c/LP |, | 20-40 | | 
(w-Lipo- | (8-Lipo-| 40-70 100-400 
P lipi d protein) | protein) 
Hyperthyroidism: | 
Sick eases cs | 25 176 627 | 194 31.45 | 22.68 | 142 | W397 47 31 
+ Standard error... 26 | 6.24] 0.84] 0.58| 10.2 12 4.33 | 5.38 
Hypothyroidism: | | | | 
| 1404 , 370 | 27.08 | 27.25 1145 | 143 83 
| | 
+ Standard error... | 25.4 | 90.9 | 1:66) 15.5 
i | 


closely as possible although, as will be seen, 
certain cases were matched rather loosely as to 
cholesterol level or age. Except for three cases, 
which almost cancelled out, the serum choles- 
terol levels matched within +31 mg. per cent. 
The age agreed within six years, except for four 
pairs. (None of several hundred cases of arterio- 
sclerotic heart disease could be found to match 
closely with the seventy year old myxedematous 
man who had a serum cholesterol of 614. Conse- 
quently, he was compared in Table 1 with the 
younger man who had an essential hyperlipemia 
with xanthoma tuberosum and previous myo- 
cardial infarction. | 

Duplicate samples of serum obtained before 
treatment were extracted in alcohol:ether as 
described by Bloor!® and analyzed in duplicate 
for total lipids, total cholesterol and lipid phos- 
phorus. Total lipids were determined gravi- 
metrically, cholesterol colorimetrically by the 
Lieberman-Burchard reaction, and lipid phos- 
phorus colorimetrically using a modification 
of the Fiske-Subbarow technic. A third 5 cc. 
sample was then brought to a density of 1.21 
with NaCl and KBr as described by Lewis 


at 0, 2, 10, 26 and 34 minutes after reaching 
a running speed of 52,640 r.p.m. In determining 
concentration, no effort was made to correct 
for the Ogston-Johnston effect. 


RESULTS 


Since it is well known that serum lipid values 
may be normal in hyperthyroidism and occa- 
sionally in hypothyroidism, it seemed advisable 
to compare the series of hyperthyroid sera with 
the hyperthyroid samples, as had been done by 
Mason, Hunt and Hurxthal,! in an effort to find 
the serum lipid fraction most influenced by 
thyroid activity. Table 1 presents the mean 
values of the chemical and_ ultracentrifugal 
fractions in these two groups. It can be seen that 
there is a highly significant difference (P < 0.01) 
between all of the various chemical fractions, 
the beta lipoprotein, and its faster-rising com- 
ponents, —Si.2: 40-70 and less certainly (P < 
0.04) 100-400. There is no significant difference 
(P > 0.1) in the alpha (—S1.21 0-10) lipo- 
protein. The chemical fractions present a two- 
fold increase in the hypothyroid group, the 
alpha lipoprotein a 1.25-fold difference, the 
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faster rising beta lipoprotein fractions approxi- 
mately a threefold rise. 

The difference in alpha; lipoprotein con- 
centration is not significant but the hyper- 
thyroid group has a greater predominance of 
women, and particularly of younger women who 
might be expected to show a higher alpha, 
lipoprotein concentration. Hence, the lesser dif- 
ference between the two groups in this fraction 
might be explained in part by these differences 
in age and sex. It has been well demonstrated 
that estrogen administration will increase the 
concentration of alpha, lipoprotein in the serum 
of either sex,'®?° and that the alpha, lipo- 
protein concentration is lower in young men 
than in young women. 

The greatest difference appears to be in the 
concentrations of beta lipoprotein 
20-40), and its faster-rising component, —Sy..1 
40-70 (equivalent to Gofman’s S; 12-20), 
which are much higher in hypothyroidism. It 
has been suggested that these lipoproteins 
correlate with atherosclerosis.!* It is worthy of 
note, however, that ten patients with hyper- 
thyroidism presented —Sy,.2; 40—70 levels greater 
than 50 mg. per cent and seven had an —S}.21 
100-400 greater than 40 mg. per cent. These 
patients included three with malignant exoph- 
thalmos, two with “‘essential’? hypertension and 
one with the anginal syndrome and electrocardio- 
graphic evidence of arteriosclerotic heart disease. 
Thus it would appear that an overactive thyroid 
is not incompatible with an elevation of the 
faster rising material with flotation rates from 
—S1.21 40-100. 

Mention has been made of a large concentra- 
tion of alphas lipoprotein in the serum of 


hypothyroid dogs" and, in an isolated instance, 


in one myxedema patient’s serum.”! In general 
there was no over-all or consistent increase of 
alpha lipoprotein in these hypothyroid sera— 
although it was present in measurable concen- 
tration (>10 mg. per cent) in about one-third 
of the cases, a frequency comparable to the 
matched group to be presented. (Fig. 1B.) 
However one patient previously untreated and 
undiagnosed, who was severely myxedematous, 
presented a large alphaz peak distinct from the 
beta peak. (Fig. 1D.) The alphaz peak almost 
equalled the beta peak in amplitude and the 


pattern was obviously unique. The chemical - 


findings in this case were also unique, there 
being a large neutral fat component; the 
Cholesterol was unusually low, relative to the 
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total lipid. The alpha; concentration was quite 
low. This pattern of a large alpha, lipoprotein 
and a low alpha; is seen in some cases of 
‘“fessential’? hyperlipemia, in certain nephrop- 
athies and in certain cases of biliary cirrhosis. 
The low C/P ratio and high neutral fat sug- 
gests the latter most strongly in this patient. In 
this regard our experience corresponds with that 
of Swahn.* One patient with hyperthyroidism 
and mild essential hypertension also had a large 
beta peak which migrated slowly enough to 
perhaps include an alpha, peak. (Fig. 1A.) 

Comparison between the two matched groups 
in ‘Table m reveals a tendency to higher serum 
lipid values in the hypothyroid subjects than 
in the patients with arteriosclerotic heart disease. 
None of the differences noted are statistically 
significant except for the beta lipoprotein 
20-40). The differences in cholesterol- 
phospholipid ratio and —S,.2; 40-70 are signifi- 
cant only at the P < 0.10 level of confidence, the 
former being higher in atherosclerotic patients, 
the latter in myxedema. By Fisher’s ¢ test, it 
could be shown that the beta lipoprotein level 
was significantly higher (P < 0.05) in the 
arteriosclerotic group than in myxedema, 
although the tendency in the other fractions was 
for the myxedema group to be higher. The 
probability that the difference might be due to 
chance became even less (P < 0.01) when the 
beta lipoprotein/total lipid or beta lipoprotein/ 
alpha lipoprotein ratios were used. 


COMMENTS 


One myxedematous subject’s serum, of seven- 
teen such patients, did show a large amount of 
(—Sj.21 20-25) lipoprotein previously 
described in hypothyroid dogs!! and humans.”! 
Except for this unique case, none of the other 
patients showed any significant increase in 
concentration of this lipoprotein fraction. We 
have confirmed the observation that hypo- 
thyroid dogs present a large alpha: fraction but, 
in fact, even normal dogs do not carry lipids 
with a beta globulin, but with the alpha globu- 
lins; hence the alpha: lipoprotein grows larger in 
induced canine hyperlipemia, e.g., diabetes. 
Also there is a wide variation in the flotation rate 
of the major (beta lipoprotein) peak from human 
to human, and sometimes in the same person. 
In some human sera we have seen an apparent 
reduction in rate of movement of the peak’s nadir 
with increasing concentrations of the major 
component (Fig. 1C) and it becomes difficult 
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to separate this from the case in which the 
alphaz peak may be combined with the beta 
peak, defying resolution. (Fig. 1A.) This situa- 
tion must be distinguished from an unquestioned 
second peak in the —S;.21 range of 20-25 existing 
in the presence of a well defined beta lipoprotein 
peak at —Sj.21 25 to 38. (Fig. 1D.) We have 
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seen this consistently in three cases of hepato- 
biliary disease we have studied and in six 
patients with essential hyperlipemia, four of 
whom had suffered with symptoms (and had 
electrocardiographic evidence) of coronary ar- 
tery disease. One of these patients apparently 
had a healed pyelonephritis. 
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200 100 ao 
” 2 MIN. 18 MIN. 26 MIN. 


MINUTES AFTER REACHING 52,640 RPM. 


Fic. 1. Serum lipoprotein patterns in four patients. Flotation rate at density 1.21 and 26°c. A, fifty-six year old woman 
with essential hypertension and hyperthyroidism. (B.M.R. +71.) B, sixty-five year old female with myxedema and 
arteriosclerotic heart disease. (B.M.R. —30.) C, sixty-three year old female with myxedema. (B.M.R. —38.) D, fifty- 
seven year old man with myxedema, spondylolisthesis, right hip pain and inguinal hernias. (B.M.R. —36.) 
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TABLE II 
COMPARISON OF HYPERLIPEMIC PATTERNS IN HYPOTHYROID PATIENTS WITH PATTERNS IN FAMILIAL 


7a 


| 
Patient 
Ch Ph Li Li 
Sex | Total 8 Lipoprotein —~S1 21 100-400 cent 
les- pho- protein —S1.21 40-70 Li rotein 
Hypo- Coro- | and Lipid —S1.21 20-40 (mg. %) @ 
thy nary | Age (mg. %) (mg. %) (mg. %) Ratio Lipo- 
- fo 
ism ease 

Keu F, 31 389 1098 328 246 230 209 322+ 0.94 21.0 
Gref | F, 25 337 963 320 295 365 63 30 1.24 38 .0 

Fai F, 33 309 988 290 208 347 79 15 1.67 35.1 
Dav | F, 38 288 1020 303 208 598 67 110 2.87 58 .6 

Kam F, 35 413 1485 360 155 475 213 55 3.07 32.0 
Lict | F, 27 480 1245 323 60 518 113 3 8.63 41.6 

Sta F, 44 654 2243 596 162 577 204 58+ 3.56 25.7 
Keu | F, 60 646 2185 505 81 672 213 310 8.30 30.7 

Gri M, 48| 540 1537 382 107 416 116 88+ 3.89 27.1 
Cre |M,25} 571 1328 390 154 644 40 0 4.18 48.5 

Hor F, 50 412 1143 328 244 307 67 43+ 1.26 26.8 
Hee | F, 52 393 1043 325 154 539 67 24 3.50 51.1 

Tob F, 50 362 1103 310 205 436 85 40 2.33 39.5 
Che | F, 50 371 987 301 132 307 38 0 2.32 31.2 

Lew M, 52; 371 1090 302 188 374 106 3 1.99 34.3 
Ros | M, 51 355 1043 298 158 353 73 6 2.23 33.8 

Fal F, 56 421 1158 378 252 205 60 12 0.81 17.7 
Bak¢ | F, 51 438 1328 365 161 769 146 18 4.77 58.0 

Hal M,57| 327 2520 472 93 180 234 255 1.94 07.2 
Ric |M,53| 340 1213 310 121 322 79 30+ 2.66 26.5 

Tob M, 58; 300 841 305 143 196 36 10 1.37 23.3 
Par |M,55| 313 1130 285 57 432 140 209 7.58 38 .2 

Cel F, 60 400 1185 360 290 176 75 26 0.61 14.9 
Lou | F, 63 372 1140 367 380 599 128 9 1.58 52.5 

Rig M, 62 319 1290 298 67 390 140 52 §.32 30.2 
Ada |M,60; 311 913 255 107 295 103 48 2.76 32.3 

Con F, 63 410 1425 365 222 417 137 118 1.38 29.3 
Bab _ | F, 60 410 1058 338 228 392 104 16+ 1.72 a3 

Kuc F, 65 408 1875 480 108 611 394 106 5.66 32.6 
Car | F, 54 381 1050 308 100 410 115 52 4.10 39.0 

Qua M, 69; 285 905 275 151 356 30 15 2.21 37.2 
Pax | M, 65 297 1008 300 165 304 55 24 1.81 30.1 

Blu M, 70 614 1990 463 129 289 249 193 2.24 14.5 
Bar | M, 44|} 534 2623 525 62 377 258 1010+ 6.07 14.3 

Mean: 
Hypothyroidism 53 408 1404 | 370 174.7 350.7 143 83 2.415 26.3 
Coronary disease. .| 49 402 1252 | 342 154.5 464.5 106 112 3.901 38.9 
+ Standard error: 

Hypothyroidism. . . 25.8 118 20.9 15.5 32.0 23.2 22.3 0.373 2.4 
Coronary disease. . 24.6 111 17.8 20.8 36.0 14.4 59.6 0.581 2.8 


* Patients matched as to sex, age and serum cholesterol level. 
t Family history only of coronary disease. 
t Xanthoma tuberosum without proved coronary disease. 
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The one patient with myxedema who pre- 
sented a definite double peak of the major 
lipoprotein present, the slower peak of the two 
falling in the centrifugal range of alpha, lipo- 
protein (Fig. 1D), had none of the aforemen- 
tioned complications clinically but did suffer 
from arthritis of obscure etiology which involved 
the back and right hip. One of the hyperthyroid 
patients who had essential hypertension pre- 
sented a large slow moving peak (Fig. 1A), the 
nadir of which occurred at —Sj,.2; 23 and could 
be interpreted as a combination of alphas, and 
beta lipoproteins which could not be resolved. 
The alpha; lipoprotein is apparently little 
affected by thyroid activity although our data 
are not designed to test this conclusively. 

In all situations in which hyperlipemia or 
hypercholesteremia exist, the tendency is for 
other fractions, both chemical and ultracentrif- 
ugal, to rise concurrently. This tendency can be 
seen in either coronary atherosclerosis or 
myxedema, yet the ultracentrifugal studies offer 
finer differentiation. While it may be said that 
the hypercholesteremia of both groups is 
associated with an increase in serum beta lipo- 
protein, and we would agree with Malmros and 
Swahn!® that the lipid pattern is similar in 
hypothyroidism and atherosclerosis, yet it may 
be further noted that the beta lipoprotein level is 
proportionately much higher in atherosclerosis 
for a given degree of hypercholesteremia. This 
lends further support to the observations of 
Pratt,*? Eder, Russ and Barr?* and the concep- 
tion of Page** who suggested that the primary 
abnormality of the serum lipids in coronary 
atherosclerosis may be an excessive beta lipo- 
proteinemia, either relative to the level of alpha 
lipoprotein or absolutely. Gofman’s fraction, our 
—S$ 1.21 40-70, seems to mirror the beta lipo- 
protein in general and should probably be con- 
sidered a portion of that moiety. This, coupled 
with the fact that certain hyperthyroid patients 
still manage to have abnormal levels of —S}.21 
40—400, suggests that the mechanism of develop- 
ment of the serum lipid abnormality differs in 
atherosclerosis from the hypercholesterolemia of 
myxedema.”°> However, if the “‘intimal infiltra- 
tion’? theory of atherogenesis is correct, and a 
particular lipid fraction of the serum is more 
culpable than others in atherosclerosis, any 
lipoprotein or chemical lipid fraction’ found 
associated with atherosclerosis can also be found, 
and in high concentrations, in myxedema. In 
other words this difference is only relative, not 


absolute, and in no way helps to settle the 
controversy as to the atherogenicity of the 
hypothyroid state. 


SUMMARY 


Serum lipids and serum lipoproteins were 
studied in twenty-five hyperthyroid and seven- 
teen myxedema patients. Mean total lipid, total 
cholesterol and phospholipid levels were all 
significantly higher in the latter group. The 
beta lipoprotein and faster rising lipoprotein 
moieties showed a particularly striking incre- 
ment, and contrasted with an_ insignificant 
difference in the alpha lipoproteins. 

The increase of the serum lipids in patients 
with hypothyroidism is qualitatively indis- 
tinguishable from that seen in idiopathic hyper- 
cholesterolemia which is so often associated 
with coronary atherosclerosis. However, when 
such hypercholesteremic patients are matched 
with hypothyroid patients as to sex, age and 
cholesterol level, a significantly higher beta 
lipoprotein fraction is found in the former group. 
This suggests that the hyperlipemia of athero- 
sclerosis arises through a mechanism which is 
different from that of myxedema. This observa- 
tion is also consistent with the idea that the 
primary abnormality of the serum lipids in 
atherosclerosis is an elevation in the level of beta 
lipoprotein. 


Acknowledgment: We are grateful for the excel- 
lent technical assistance of Sheldon Huffman, 
Eugene Balter, Dr. Lois Sheimann and Irene 
Carr in certain phases of this work. 
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The Night-eating Syndrome’ 


A Pattern of Food Intake among Certain Obese Patients 


ALBERT J. STUNKARD, M.D., WILLIAM J. GRACE, M.D. and HAROLD G. WOLFF, M.D. 
New York, New York 


ONE of the numerous recent studies of 
N obesity has dealt with the eating pat- 
terns of obese patients in more than a 
cursory manner. The rare papers on the subject 
have reported that obese patients eat more 
frequently than the non-obese,’ less frequently,’ 
or even that decreased activity rather than a 
change in eating habits leads to obesity.* In 
two papers incidental mention has been made 
that obese patients eat more at night.*° 
Observation of twenty-five obese patients at a 
special study clinic of the New York Hospital 
has disclosed that the eating patterns of a large 
number form a distinctive syndrome character- 
ized by nocturnal hyperphagia, insomnia and 
morning anorexia. Such a pattern was not found 
in any of thirty-eight subjects without history 
of weight disorder. This ‘“‘night-eating syn- 
drome”? was particularly prominent during 
periods of weight gain and life stress. An effective 
reducing regimen was not possible in its 
presence, and it appeared to be intimately 
related to the pathogenesis of obesity. 


METHOD 


The subjects of this report were seen in a 
special study clinic of the New York Hospital 
where they had been sent from other depart- 
ments because of the severity of their obesity or 
difficulty in its management. The group thus 
includes a high propcrtion of emotionally 
disturbed individuals, but whether this propor- 
tion is higher than in any group of comparably 
severe obese patients is conjectural. 

The report includes all obese patients referred 
to the clinic who were seen at least four times. 
It should be noted that only two patients failed 
to keep at least four appointments, so that the 
series comprises 93 per cent of the patients 
initially referred, including the only two men. 


The reason for the great preponderance of 
women is not clear. 

The median age of the patients was thirty-five 
years (range eighteen to fifty-six). Percentage of 
overweight was determined from the tables of 
the Medico-Actuarial Mortality Investigation of 
1912® which used clothed subjects in shoes. 
Following Keys,’ the current study used these 
standards for lightly clothed, barefoot individu- 
als without correction for either height of shoes 
or weight of clothes. The resulting average 
value of 68 per cent overweight (range 22 to 
137) is thus lower than would be calculated from 
standards of “‘ideal’’ weight. 

The study of each patient included a detailed 
history and physical examination, together with 
routine laboratory tests and any indicated 
special procedures. Most of the patients were 
seen for an hour every week or two over a period 
of six months. Three had only four interviews, 
and two (H. G. and M. B.) had more than 100. 
Medication was prescribed when indicated but 
the focus of the treatment was supportive psycho- 
therapy combined with environmental manipu- 
lation. In a few of the patients more intensive 
psychotherapy was attempted. (Table 1.) 

Data about the patient’s diets were obtained 
from three sources: the patient’s record of food 
intake, the routine dietary history in the nutri- 
tion clinic, and a careful study of eating habits 
during the treatment period. The intake was 
often recorded as much as 400 calories per day 
higher by the second method, and 800 calories 
higher by the third. Such an increase in the 
caloric intake reported by obese patients when 
subjected to more detailed inquiry agrees well 
with published reports® and attests to the 
accuracy of the information obtained during 
the treatment periods. Reducing diets were 
prescribed only on the patient’s request and the 


* From the Departments of Medicine and Psychiatry, New York Hospital-Cornell Medical Center, New York, 
N. Y. This work was supported in part by the Research and Development Division, Office of The Surgeon General, 
Department of the Army. Supported in part by a grant from the Commonwealth Fund. 
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physician attempted to place the patient under 
no obligation to adhere to the diet. These were 
usually standard diets of 1,200 calories, con- 
taining 70 gm. of protein, 45 gm. of fat and 
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130 gm. of carbohydrate. 


19 


amounts of food during the evening and night 
and no one was considered to manifest the 
syndrome unless he ate at least a quarter of his 
total calories for the day during the period fol- 


lowing the evening meal. Thus a significant part 


No. 


Patient * 


mer 


mma 


B. .S 


54 


TABLE I 
Over- Weight Previous 
Height a weight ee cp of Loss in Maximal Complications 
(Ib.) (%) | °yndrome fresent | Clinic | Weight Loss 
5’ 0” 275 137 | 2 (sometimes alco- 70 Ib. 0 
hol instead of 
food) 
4’ 1016” 290 130 3 0 80, 150 lb. (in | See case report 
hospital) f 
2 ad 260 110 | 2 (no insomnia) 0 50 Ib. **Neurasthenia’”’ 
5’ 0” 230 105 3 30 lb. 0 0 
5’ 616” 280 100 3 30 Ib. (in | 30 Ib. 0 
hospital) 
75” 255 95 3 . | 60 Ib.T ‘‘Neurasthenia’”’ 
5’ 716” 283 90 0 45 lb. T 50, 45 Ib. 
5’ 516” 290 86 0 45 Ib. T 80 Ib. t 0 
5 216” 238 84 3 0 50 Ib. f Psychotic depres- 
sion 
5’ 4” 235 81 | 2 (no insomnia) 10 lb. 50 Ib. f Severe anxiety 
- 235 81 0 0 0 
a 220 77 3 12 lb. 18 Ib. ‘‘Neurasthenia’”’ 
previously, 
asthma and 
bleeding ulcer 
in clinic 
5/ 316" 245 71 0 105 Ib. t 0 0 
5’ 16" 198 62 3 0 0 0 
200 54 3 0 0 0 
5’ 11” 262 51 3 20 |b. 45 lb. fT 0 
5’ 236" 204 46 3 0 0 0 
4’ 916” 166 43 0 50 Ib. T 75, 45 lb. f 0 
5’ 0” 183 39 3 40 |b. f 0 Psychotic 
depression 
5° 3” 176 35 3 0 70, 45 Ib. f Depression (2 X) 
5 i” 180 33 3 0 0 0 
>” 175 32 3 20 Ib. 0 
2 148 26 3 0 0 0 
5’ 216” 166 22 | 2 (sometimes alco- 0 28 |b. Tt ‘*Neurasthenia”’ 
hol instead of 
food) 
ae 180 22 3 0 14 lb. 0 
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RESULTS 
Definition of Syndrome. 


An effort was made to 
establish gross criteria for the three major 
findings which comprise the night-eating syn- 
drome and which might serve to distinguish it 
from other patterns of eating. First, and of great- 
est importance, is the consumption of large 


* All patients were women with the exception of No. 8 and No. 16. 
t At least one-third of excess weight. 


of the total caloric intake, and a major part of 


the excess intake, occurs during a time when 
the food intake of non-obese people is negligible. 
The second criterion is sleeplessness, at least 
until midnight more than half of the time, and 
the third is morning anorexia with negligible 
food intake at breakfast. In no case did this 


| | 

Age | 
| 
| 
1/ D.M. | 23 | 
| 
| 
2 44 | 
3 30 
4 18 
5 30 
6 | 25 
7 
8 48 
9 36 
: 10 | 28 
| 11 35 
| 12 27 
| | 
| | 
13 | | 56 
14 | 34 
15 | 
16 38 
17 51 
18 30 
19 
20 | | 34 
21 | | 50 
22 | 26 | 
23 | | 18 | 
24 | | 43 | 
| | | | | 
| 
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include more than a cup of coffee and a sn.all 
glass of orange juice. 

Specificity of Syndrome. ‘The eating pattern of 
the obese group was compared with that of 
thirty-eight subjects who had no past history of 
weight disorder. ‘This latter group was composed 
of graduate and student nurses routinely exam- 
ined in the personnel health clinic of the medical 
center. All of the subjects were women and the 
median of their ages was twenty-four years, 
ranging from twenty-one to forty. The majority 
were residents in the nurses’ home where they 
were able to obtain meals when they were off 
duty. In addition, permission to keep food in 
their rooms and a refrigerator on each floor 
allowed food intake to be largely independent of 
the regular cafeteria hours. Further evidence 
that the findings in the control group were not 
due to inaccessibility of food is provided by the 
rather high incidence of obesity in the nurses’ 
home. 

Of the thirty-eight control subjects, not one 
reported the night-eating syndrome. In con- 
sidering the components of the syndrome, most 
of the group gave a history of food intake follow- 
ing the evening meal, commonly a sandwich and 
glass of milk before going to bed, but in no case 
did this approach 25 per cent of the daily food 
intake. One of the group reported insomnia. 
Nine reported that they had little or no appetite 
for breakfast but three of these said that they ate 
a substantial breakfast anyway. 

Incidence of Syndrome. ‘The night-eating syn- 
drome in its entirety was reported by sixteen of 
twenty-five patients, and it was present with 
minor variations in another four patients. Of 
these latter four, two patients often consumed 
alcohol instead of food during the evening while 
two others did not report insomnia despite a 
large caloric intake following the evening meal. 

Although these twenty patients reported that 
the night-eating syndrome occurred much of the 
time, it was not invariably present. Accordingly, 
an attempt was made to determine in what 
circumstances it was most likely to occur. Most of 
the patients agreed that they ate at night during 
two closely related situations—periods of weight 
gain and periods of life stress. 

All twenty of the patients who reported night 
eating said that it was the major pattern during 
periods of weight gain. ‘Two of the remaining 
five patients (S. B. and L. C.) said that during 
their periods of weight gain they ate increased 
amounts at mealtimes, one (F. W.) drank large 


amounts of alcohol without restricting food 
intake, one (A. F.) ate indiscriminately through- 
out the day and one (E. H.) maintained her 
usual food intake while at bedrest for treatment 
of pulmonary tuberculosis. Eighteen of the 
twenty patients exhibiting the night-eating 
syndrome said that it was most conspicuous 
during periods of life stress. Both of the patients 
(B. S. and L. M.) who did not make this cor- 
relation were denying obvious emotional dis- 
turbances while acknowledging presence of the 
syndrome. 

Night-eating Syndrome and Prognosis. Presence 
of the night-eating syndrome influenced (1) 
results of weight reduction programs and (2) 
the incidence of untoward reactions to such 
programs. 

1. Results of weight reduction programs: Loss of 
one-third of patient’s excess weight was selected 
as indicating modest success of a weight reduc- 
tion program. By these standards only six of 
the twenty-five patients reduced successfully. 
Such results are poorer than those in other 
series,*~!* a circumstance perhaps arising from 
the selection of a large number of patients who 
had already proved difficult to manage. The high 
incidence of the night-eating syndrome in this 
group may reflect this same selection, for there 
is a striking correlation between presence of the 
syndrome and failure of dietary regimens. Thus 
of the twenty patients reporting the syndrome, 
only two were able to lose more than one-third 
of their initial excess weight. In one of these 
(M. C.) the weight loss occurred in the course 
of a psychotic depressive reaction; in the other 
(M. P.) it totaled only twenty pounds in a 
woman who was initially one of the least over- 
weight. In contrast, of the five patients who did 
not report the pattern, four (M. B., E. S., A. R. 
and O. A.) lost an average of sixty-one pounds, 
or 67 per cent of their excess weight. 

Five patients manifesting the night-eating 
syndrome lost from ten to thirty pounds without 
being able to maintain a reducing regimen. 
Their experience throws light on the signifi- 
cance of night eating as an index of refractoriness 
to weight reduction programs. Thus it was dur- 
ing temporary remissions in the syndrome that 
this weight loss occurred in four of these five 
patients. 

The patients’ past histories of attempts at 
weight reduction were similar to the findings 
during treatment in the clinic. Of the twenty 
patients exhibiting the syndrome, only eleven 
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had ever succeeded in losing more than one- 
third of their excess weight. On the other hand, 
of the five patients not reporting the syndrome, 
four had carried out successful weight reduction 
programs in the past. 

2. Untoward reactions to weight reduction programs: 
Untoward reactions to weight reduction in 
obese patients have recently been given promi- 
nence, largely through the publications of 
Bruch.!*:!® ‘The prevalence of such responses is 
emphasized by the experience of the patients 
in the present series, who suffered a total of ten 
severe complications during previous and cur- 
rent efforts at weight reduction. 

Considering first the results of treatment of 
night-eating patients in this clinic, one (M. C.), 
as already noted, suffered a psychotic depressive 
reaction two months after she began to diet. 
Another (L. S.), who had lost 12 pounds in the 
first month of a reducing regimen, was forced 
to stop dieting by the onset of severe bronchial 
asthma and bleeding peptic ulcer. There were 
no untoward reactions among the five patients 
not showing the syndrome. 

Dramatic evidence of the influence of the 
night-eating syndrome on the incidence of 
untoward reactions to dieting is obtained from 
the history of the patients’ past experience with 
reducing regimens. As has been noted, only 
eleven of twenty patients with the night-eating 
syndrome had previously been able to lose 
more than one-third of their excess weight. In 
eight of these eleven instances this weight loss 
was accompanied by disabling emotional illness. 
Four of the patients presented a remarkably 
similar picture of neurasthenic type character- 
ized by feelings of futility, depression of mood 


and inordinate fatigue leading to confinement 


in bed for as long as four months. Three patients 
stopped weight-reducing regimens because of 
depressive reactions, and one following the 
onset of severe anxiety. Therefore, of eleven 
patients with a past history of significant weight 
loss, only three achieved this without disabling 
complications. One of these three patients 
(H. G.), reported subsequently, experienced 
severe anxiety in the course of a reducing 
regimen but factors other than diet seemed 
primarily responsible. 


In contrast to this startling incidence of 


disability during attempts at weight reduction 
among patients with the night-eating syndrome 
is the infrequency of such complications in the 
group not showing the pattern. Although this 
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latter group contained only five patients, four 
had previously lost significant amounts of weight 
without complication. 


CASE REPORTS 


The following two case reports illustrate vari- 
ous aspects of the night-eating syndrome. In the 
first, prolonged dietary restriction leading to a 
marked weight loss did not abolish the syndrome 
or prevent its intensification in a situation of life 
stress. 

Cas—E 1. H. G. was a forty-three year old 
single woman clerical worker who was observed 
over a two-year period in another hospital to 
which she had been admitted for treatment of 
cardiac failure on the basis of hypertensive 
disease and massive obesity. 

The patient was the eldest of four children 
born to an orthodox Jewish family in a small 
midwestern city. Her father, a quiet, bookish 
man took little part in the family life; her mother, 
on the other hand, “‘ran everything.” 

Childhood and adolescence were character- 
ized by vacillating and inconsistent parental 
care, and intense, unsuccessful rivalry with a 
younger brother. At the age of twenty-one the 
patient suffered severe lacerations in an auto- 
mobile accident, to which her mother reacted 
with great distress. Soon thereafter the mother 
developed incapacitating cardiac symptoms 
which she blamed on worry over the patient, 
and for the next nine years she remained a 
semi-invalid. During this time she induced the 
patient to devote herself wholly to her care and 
to abandon her hopes for independence, a career 
and marriage. Some months after her mother’s 
death the patient, then thirty-one, learned that 
the doctor had considered her mother’s long- 
standing condition a neurosis, and her symptoms 
largely exhibitionistic and exploitative. The 
patient felt betrayed and bewildered, and left 
home to come to New York. 

During the ensuing seven years she gained 
weight from 200 to 400 pounds (height 4 feet 
1015 inches) by overeating in a pronounced 
night-eating pattern. Thus she rarely ate before 
noon, and at supper began her large intake of 
sweet foods which continued until she went to 
bed late at night. During these hours she was 
assailed by loneliness and anxiety. To lessen 
the distress she kept someone with her as much as 
possible and, when she was alone, left the door 
and windows open, all the lights burning and 
played the radio loudly. She rarely fell asleep 
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before midnight and usually woke within an 
hour, anxious and hungry. At such times she 
would eat a pint of ice cream, drink a bottle of 
Pepsi Cola and, temporarily sated, fall asleep 
for another hour before the cycle was repeated. 
She awoke three or four times a night in this 
manner. 

By the age of thirty-five the patient’s obesity 
and hypertension had so disabled her that she 
sought medical attention, and for a_ period 
of six years she received general medical and 
psychiatric care as an outpatient. Ultimately 
cardiac failure became so severe that hospital- 
ization was necessary. This only partially 
decreased the nocturnal anxiety and hunger but 
rigid caloric restriction succeeded in effecting 
a loss of 150 pounds over a period of one year. 
At this time two traumatic events occurred: a 
physician to whom the patient had become much 
attached left the hospital, and the patient under- 
went an operation for umbilical hernia which 
was complicated by wound infection. She 
reacted with intense anxiety and _ petulant, 
infantile behavior. ‘These were most marked at 
night when she would spend as much as four 
hours tearfully pacing the corridors with inter- 
mittent futile attempts at reading and knitting. 
As a therapeutic trial, free access to food was 
permitted and the patient immediately returned 
to the night-eating pattern. This was associated 
with a weight gain of 50 pounds in the course 
of the next two months and no apparent im- 
provement in her emotional disorder. 


In the following patient remission and exacer- 
bation of the night-eating syndrome followed 
promptly upon changes in her life situation, 
and were associated with marked variation in the 
success of a dietary regimen. 

CasE 11. E. S. was a twenty-nine year old 
housewife of Irish ancestry who was treated in a 
special study clinic of the New York Hospital 
over a period of one year. She came for treat- 
ment of her obesity as a result of urgent medical 
advice following recurrent severe attacks of 
thrombophlebitis. 

The patient was the eighth of ten living chil- 
dren of a mother who had had ten additional 
pregnancies. Her restrictive and arbitrary father 
worked as a truck driver but the income from his 
sporadic employment never permitted the family 
more than a marginal existence. The patient 
remembered her childhood as a time of hardship 
and deprivation, and of great bitterness toward 


a mother who, she felt, exploited her. At the age 
of eighteen she married the neighborhood alco- 
holic in an effort to escape this home environ- 
ment and soon found herself in an even more 
unpleasant situation. During the next eight 
years she gained 100 pounds, attaining a weight 
of 280 pounds (height 5 feet, 6 inches), which 
she maintained during the three years before 
admission to the clinic. 

The patient’s manner was pleasant and 
friendly during the treatment periods but she 
did not participate actively, and her com- 
munications had a curiously impersonal quality. 
She was usually late to appointments ‘and at- 
tendance was irregular. 

Her pattern of food intake was characteristic 
of the night-eating syndrome. During periods of 
emotional turmoil, in which the patient was 
either gaining weight or trying unsuccessfully 
to lose it, she awoke in the morning completely 
anorexic and ate no breakfast and little lunch. 
Supper, which she ate in the early evening, 
was large, yet provided only transient satiety. 
During the rest of the evening, and often until 
early morning, she nibbled at various foods 
distinguished mainly by their sweetness. The 
patient was unclear about the specific incentive 
to eating at these times but suggested that it 
was due to the anxiety she felt at night. This 
was most severe when she was alone, and was 
often experienced as a fear of someone breaking 
into the house to harm her. None of the measures 
she took provided more than partial relief; these 
included, besides eating, having company in the 
house and, when she had to be alone, keeping the 
radio and lights on. The presence of her hus- 
band sometimes reassured her but often quarrels 
with him had precipitated her anxiety and at 
such times he served only to upset her further. 
Insomnia and eating continued until at least 
midnight, often until two or three in the morn- 
ing, and throughout the treatment period she 
rarely slept more than four hours. 

After the patient had been receiving treatment 
for seven months a recurrence of phlebitis de- 
veloped which made it necessary for her to enter 
the hospital. She greeted this development with 
relief and gladly laid down her domestic 
responsibilities. Within a day there was a 
striking change in the eating pattern. ‘The morn- 
ing after admission the patient awoke with a 
desire to eat breakfast for the first time in 
months, went on to consume a small lunch and 
supper, and had no desire to eat during the 
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evening or night. This was more remarkable 
in that the pain in her legs kept her awake much 
of the night during the first week of hospital- 
ization. Thereafter she slept well and at no 
time complained of hunger. She adhered without 
difficulty to an 800 calorie diet and lost twenty- 
eight pounds in thirty-one days. 

This marked change in eating pattern was 
paralleled by a great decrease in free anxiety 
and, despite her pain, the patient seemed more 
at ease than at any time during the previous 
months as an outpatient. She attributed this 
change in both comfort and eating pattern 
partly to the experience of hospitalization and 
partly to the presence of a roommate. ‘Mrs. 
C. keeps me feeling good in the evenings by 
talking to me so I don’t feel like eating.”’ 

The patient made every effort to remain in the 
hospital; and when she finally returned home, it 
was with greatest reluctance. Within twenty- 
four hours the night-eating syndrome recurred. 
The morning after her arrival home she awoke 
anorexic, did not begin to eat until evening and 
stayed up until 3:00 a.m. nibbling. Her hus- 
band, who had stopped drinking while she was 
in the hospital, began again soon after her 
return, and relations between them which had 
improved during her hospitalization deteriorated 
rapidly. During the first month following her 
discharge the patient gained weight at a rate of 
2 pounds a week. 


COMMENTS 


In recent years there has been a growing ap- 
preciation of the emotional disturbance in many 
overweight people and even of the fact that 


- their excess weight has been gained in relatively 


short periods of positive caloric balance. In 
point of fact, a large number of obese patients 
are losing weight much of the time and it is 
short periods of rapid weight gain which undo 
the results of weeks and months of dieting. If 
obesity be considered a scar of preceding periods 
of positive energy balance, it is just these periods 
which are of significance in its pathogenesis. Yet 
the conditions existing during these crucial 
times are largely obscure, as can be judged from 
the fact that the night-eating syndrome de- 
scribed here has not been reported previously. 


This is the more remarkable in that it is well © 


known to the obese patients themselves, as well 
as to those relatives, nurses and dietitians who 
have much contact with them. 
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The major significance of the night-eating 
syndrome may lie in its relation to the life 
situation of the individual who manifests it. 
Although it is not present all of the time, even 
in the very obese, occurrence of the syndrome 
can be predicted during periods of weight gain 
and life stress, and these three variables are 
linked with remarkable consistency. What, then, 
is their interrelationship? 

The relation between the eating pattern and 
life stress appears clear. ‘They regularly occur 
together, and although the obese patients may 
respond to stress in other ways as well, when the 
night-eating syndrome is found, it is in situa- 
tions of life stress. 

The relation of these two factors to the periods 
of weight gain is less immediately apparent. 
Although it is difficult to conceive of life stress as 
being a consequence of weight gain, night eat- 
ing could be. The experience of the two cases 
cited, however, argues against this. Thus the 
first patient (H. G.) manifested the night-eating 
syndrome at intervals over a year’s time despite 
forcible restriction of food intake resulting in a 
weight loss of 150 pounds. In the second patient 
(E. S.) the syndrome disappeared within a day 
and reappeared as promptly following changes in 
her life situation, hardly long enough for changes 
in weight to have had an effect. It therefore 
seems justified to conclude that the night-eating 
syndrome is not a result of weight gain, over- 
eating or any metabolic consequence of these. 
The syndrome appears rather to represent a 
response to stress of a type peculiar to certain 
obese patients, and one intimately related to 
the overeating which leads to their obesity. 

Alterations in diurnal rhythms in response to 
stress are known to the clinician but they are 
not common. Two which have received some 
prominence are the sleep reversal following 
encephalitis and the ‘‘morning-evening varia- 
tion” of the depressive reaction. The night- 
eating syndrome appears distinct from these 
two. None of the patients in this series had a 
history compatible with encephalitis. And while 
their food intake increases during the day, as 
that of depressed patients, their distress also 
increases, in contrast to the experience of pa- 
tients with depression. 

That the normal diurnal eating pattern may 
be important in the maintenance of caloric 
balance is suggested by an observation of 
Brooks.!* This author has noted that destruction 
of the ventromedial nuclei of the hypothalamus 
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abolished the normal pattern of nocturnal eating 
in the rat. During the subsequent period of 
weight gain in the so-called hypothalamic 
obese rat the normal pattern is replaced by 
chaotic eating throughout the twenty-four hours. 

Significance of Syndrome for Weight Reduction. 
It has long been recognized that there are many 
patients who cannot maintain a reducing diet 
long enough to make it worth either their 
effort or the doctor’s time. However, it has 
only recently been pointed out by Bruch that in 
addition to these patients who cannot lose 
weight there is a group of emotionally dis- 
turbed obese patients who should not even try. 
There is too great a danger that such efforts, “‘if 
rigidly enforced . .. may precipitate serious 
mental disturbance.” 

There are unfortunately no criteria to select 
those patients who might undertake dieting 
with safety and reasonable hope of success. If 
the results of this study are confirmed in a 
series including a larger number of obese 
patients not manifesting the night-eating syn- 
drome, recognition of the syndrome could be of 
value in deciding whether to restrict food intake. 
The presence of the syndrome in an obese person 
indicates that it will be very dificult for him to 
lose weight, and that he may attempt it only at a 
risk far outweighing the benefits to be derived. 
However, the fact that the syndrome is not 
always present, even in those persons who may 
exhibit it much of the time, suggests that dieting 
may not be permanently contraindicated for 
such individuals. On the contrary, the sensitivity 
with which it reflects the emotional state of the 
patient might allow the syndrome to serve as an 
index of the success of psychotherapeutic 
measures. Thus remissions could be taken as 
indication that weight reduction might rea- 
sonably be attempted. Finally, reducing diets 
can be prescribed with confidence for those pa- 
tients who have never manifested the syndrome. 

Dexedrine®. The most widely prescribed drug 
in the treatment of obesity is probably dexedrine, 
a circumstance dependent upon its well recog- 
nized action in depressing appetite. Reports of 
its value in actual practice have, however, 
varied widely.®*!7 Demonstration of a _ night- 
eating syndrome in many obese patients may 
help to reconcile these conflicting findings as 
well as provide a better rationale for use of the 
drug in weight reduction programs. If the 
patient does a major part of his eating at night, in 
conjunction with anxiety and insomnia, a drug 


which promotes sleeplessness is of doubtful value 
and its use during the period of morning 
anorexia is little more than a gesture. On the 
other hand, when the patient’s overeating 
occurs during the daylight hours, the maximum 
appetite-depressing effect of dexedrine is ob- 
tained without the undesirable side effects. 

Estimation of Caloric Intake. A common and 
well recognized characteristic of obese patients 
is their tendency to underestimate their caloric 
intake. Although this can be explained easily 
enough on the basis of the shame involved in 
acknowledging how much they have eaten, 
recognition of a night-eating syndrome may 
throw further light on the problem. Beaudoin* 
has shown that underestimation of caloric intake 
by obese subjects is greatest in regard to food 
eaten during the latter part of the day. She 
adduced no reason for this finding but Bruch’s 
investigation of certain obese patients has 
revealed a marked repression of the knowledge of 
food eaten at night.'* This is associated with early 
feeding problems, eating as defiance, and the 
later unconscious rationalization that ‘‘food 
eaten after dark does not count.’’ Some such 
selective inattention renders more understand- 
able reports of food intake in the 1,200 calorie 
range by patients who continue to gain weight. 
This is perhaps all they do eat during the day- 
light hours. 

Relation to Research Procedures. Presence of the 
eating pattern described here has certain im- 
plications for research in obesity. Thus in- 
vestigations made during the morning and early 
afternoon hours may give information about the 
patient which is quite different from that which 
would be found by investigation during the 
evening and night hours when he is overeating. 

Tumor of the Pancreas. Since the concept of 
endogenous obesity has fallen into disrepute, the 
differential diagnosis of obesity has involved few 
considerations of structural disease. One notable 
exception has been the obesity associated with 
insulin-secreting tumor of the pancreas. In this 
condition hunger and maximum food intake 
classically follow periods of food deprivation, 
most notably during the morning hours either 
before breakfast, or in its absence. Recognition 
of the night-eating syndrome, with its morning 
anorexia, therefore, is helpful in excluding the 
possibility of organic hyperinsulinism. 

Etiology. ‘The etiology of the night-eating 
syndrome has not been determined. Furthermore, 
its characteristics do not reveal whether the 
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mechanisms involved in its pathogenesis are 
primarily physiologic or psychologic. ‘Thus dis- 
ordered carbohydrate metabolism involving 
increased tolerance to glucose has been reported 
in certain cases of obesity.'®:?° If, as seems likely, 
utilization of carbohydrate is under the control 
of hormones which are in part regulated by the 
intake of carbohydrate, there must be a mecha- 
nism which inactivates or decreases the secretion 
of these hormones with a failing carbohydrate 
supply. Such a sequence would involve the 
formal properties of a servomechanism as 
described by Wiener,”! and in normal function 
would involve utilization of negative feedback 
to maintain the system in equilibrium. Dis- 
turbance in the feedback mechanism could lead 
to breakdown of the system in such a way that 
recurrent bouts of hypoglycemia would succeed 
each other in accelerating succession. Such 
changes might find expression in the periods 
of decreasing satiety noted during the evening. 
When sleep finally interrupted the intake of 
carbohydrate, the reactive hypoglycemia would 
cease, and the blood sugar would remain stable 
throughout the morning period characterized 
by anorexia. 

Another explanation of the night-eating 
syndrome is suggested by the observation that 
the evening anxiety and impulse to eat often 
can be interrupted by the most simple inter- 
personal means. Talking with the physician at 
midnight may be as useful as massive sedation in 
temporarily alleviating both the anxiety and 
the need to eat. The period of going to bed, the 
evening, is traditionally associated in children 
with the greatest anxiety, presumably due to the 
fear of separation from the parent and the threat 
of the breakthrough of anxiety-productive 


conflict, as in dreams and nightmares. The 


obese women, in this group at least, were for 
the most part remarkably immature characters 
who relied inordinately on praise and tokens of 
love for the control of anxiety and the regulation 
of self-esteem. It seems possible that, as in chil- 
dren, the breakthrough of anxiety during the 
evening may result from this same interruption 
of their source of affection and approval. It is 
unlikely that the night-eating pattern is more 
directly related to a childhood one, as none of 
the patients could definitely remember such an 
eating pattern in childhood, nor had this period 
been characterized by a greater incidence of 
night terrors or bedtime conflict than would be 
expected in any comparable group. 
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SUMMARY AND CONCLUSIONS 


1. A distinctive eating pattern of obese pa- 
tients is described. This ‘“‘night-eating syn- 
drome”’ is characterized by nocturnal hyper- 
phagia, insomnia and morning anorexia. 

2. The syndrome was present in twenty of 
twenty-five obese patients treated in a special 
study clinic and in none of thirty-eight non-obese 
subjects. 

3. Patients manifesting the syndrome had 
great difficulty losing weight and experienced a 
high incidence of complications in their attempts. 

4. It is suggested that the syndrome repre- 
sents a response to stress of a type peculiar 
to certain obese patients, and that it is inti- 
mately related to the pathogenesis of their 
obesity. 

Addendum: A description of morning anorexia 
and evening hyperphagia in obese patients 
recently appeared in paper. entitled 
‘Treatment of Obesity with a Low Protein, 
Calorically Unrestricted Diet,’ by V. P. Dole, 
I. L. Schwartz, J. H. Thaysen, N. A. Thorn and 
L. Silver, Am. J. Clinical Nutrition, 2: 381, 1953. 
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The Metal Chelate Compounds of Urine’ 


Their Relation to the Initiation and Growth of Calculi 
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Winston-Salem, North Carolina 


RINARY Calculi are composed of an 
organic matrix and a crystalline body. 
This matrix may be an inert inclusion 
present by chance association with the growing 
stone, or may possibly serve in a purely physical 
role as an adhesive binder to hold the crystals in 
an organized structure.’* That it may utilize 
chemical bonds to play a more active role in the 
formation and growth of calculi is suggested by 
the recent investigations of Howard!* and 
Engel.!°!! 

No scientific approach to the prevention of 
urinary calculi seems possible until this question 
of the chemical activity or inertness of the or- 
ganic matrix has been answered. It is the purpose 
of this report to correlate some of the bio- 
chemical and physicochemical properties of the 
matrix with those of the crystalline components 
of urinary calculi. 


CRYSTALLINE COMPONENTS OF CALCULI 


Table 1 summarizes the findings in 500 con- 
secutive analyses of urinary calculi at the Bow- 
man Gray School of Medicine. Stones which 
contain as much as 95 per cent by weight of a 
single crystalline structure are listed as ‘‘pure.”’ 
The limitations of the qualitative chemical 
methods for analysis of stones have been clearly 
demonstrated by Prien and Frondel.?! The 
crystallographic studies of these authors have 
added much to our knowledge of the crystalline 
components of urinary calculi but the internal 
structure and mechanisms of growth of the 
crystal lattice require further study. Many 
crystalline structures have empirical formulas 
which do not exist as molecular units in any 
other state. A single atom or ion is sometimes 


included in the formation of a crystal for no 
apparent reason other than to complete the 
particular crystal lattice. The mechanisms by 


TABLE I 
CHEMICAL COMPOSITION OF 500 RENAL AND URETERAL 
CALCULI 
Per cent 
Primary Constituents Total 
Pure—95% by weight: 
Calcium phosphate.................... 36.6 
11.2 
Mixed: 
Calcium phosphate and oxalate......... 44.2 
Uric acid with phosphate and/or oxalate. 4.2 
100.0 


Secondary Constituents (not included above): Mag- 
nesium ammonium phosphate present in 12 per cent; 
traces of uric acid present in 8 per cent; only 6 per cent of 
calcium phosphate stones were free of other constituents. 


which either adsorbed ions or units of structure 
are exchanged between the surface of crystals 
and the surrounding solution remain a con- 
troversial subject.'!® The bonds which maintain 
these units of the crystal lattice in their spatial 
relationships are so arranged that almost any 
large crystal, such as sodium chloride*:'’ or 
hydroxyapatite,” is in reality a single molecule. 

The general rules relative to crystal formation 
and growth? have a limited applicability to the 
study of urinary concretions. Crystallization 


_ may be facilitated by nuclei which present sur- 


* From the Department of Urology, Division of Surgery, Bowman Gray School of Medicine of Wake Forest 
College, Winston-Salem, N. C. This investigation was supported by a research grant from the National Institute of 
Arthritis and Metabolic Diseases, of the National Institutes of Health, Public Health Service. 
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faces favorable to deposition of the solid phase. 
The component ions and atoms of a given 
crystalline substance tend to ‘“‘fit” into the 
lattice structure on the surface of like crystals. 
Thus crystalline uric acid nuclei tend to grow by 
the addition of uric acid crystals. A basic unit of 
hydroxyapatite crystal** grows by additions of 
the exact quantities of calcium, phosphate and 
hydroxyl ions necessary to duplicate its crystal 
lattice. There is a preferential formation of 
large concretions, since a small mass is at- 
tracted to larger masses having relatively less 
surface area and consequently less total surface 
energy. 

The fact that certain materials are available 
for crystallization in biologic solutions does not 
necessarily mean that they are insoluble, hence 
availability and solubility are not synonymous in 
this respect. However, both the availability for 
crystallization and the solubility of a given ion, 
atom or compound are influenced by a variety 
of forces. These include the hydrogen ion con- 
centration, the buffer systems, the total ionic 
concentration, the relative electrical charges, 
the zeta potential, the adsorption of relatively 
insoluble units by highly soluble molecules and 
the formation of soluble and insoluble co- 
ordination or chelate compounds. For example, 
calcium in a solution of orthophosphates has 
entirely different properties from those which it 
possesses in a solution of condensed phosphates. 
It should be borne in mind, however, that the 
rules of physical chemistry are devised under 
carefully defined laboratory conditions, and that 
the application of one or two of these rules ‘‘out 
of context’’ to complicated biologic systems 
is usually impossible. 

Solute Phase of Crystalline Components of Calcult. 
Urine is a_ buffered, ionic and molecular 
solution. It contains organic suspensoids of 
molecular weights up to seven million,?® and 
inorganic units as small as the hydrogen ion. 
There is no rationale for comparing the solubility 
of these materials in water to their solubility in 
urine. Only confusion can result from such state- 
ments as ““The urine is normally twenty times 
saturated with respect to calcium oxalate.’’!® 
Urine is not normally supersaturated with 
respect to calcium ions, since a neutral salt of 
calcium can be titrated into a twenty-four-hour 
specimen of urine to double the average content 
of calcium without precipitation.* This same 
observation applies also to the oxalic acid 
radical. 


Hypercalcinuria is not essential to the devel- 
opment of calculi.’ The majority of our patients 
with renal calculi, but without evidence of such 
associated syndromes as multiple myeloma, 
hyperparathyroidism or renal disease, do not 
have an increase in the twenty-four-hour excre- 
tion of urinary calcium. Neither do the majority 
of patients with acidosis,' multiple myeloma, 
hyperparathyroidism!'*® or thyrotoxicosis? have 
urinary calculi, even though increased excretion 
of urinary calcium is a consistent finding in these 
and other disease states.' Although the incidence 
of urinary calculi is much greater in such pa- 
tients than in the population as a whole, it is 
apparent that hypercalcinuria per se is not the 
sole etiologic factor. 

An increase in the quantity of soluble macro- 
molecules or ‘‘protective colloids’ in the urine 
cannot explain the absence of calculus forma- 
tion in the majority of patients with hyper- 
calcinuria. Removal of these colloids by ultra- 
filtration does not significantly influence the 
precipitation of the urinary salts.* Furthermore, 
the total quantity of colloids present in the 
urine of patients with calculous disease is much 
greater than in normal urine.* Some of these 
biocolloids are present in urine as a result of 
glomerular filtration while others are products 
of epithelial secretion. In general, the former are 
the proteins present in serum, and they carry 
into the urine with them their normal comple- 
ment of bound calcium. Since the urinary pH is 
usually much lower than that of the plasma, 
these proteins will bind even less calcium in urine 
than in plasma. The urinary colloids derived 
from the epithelial secretions are largely com- 
posed of ‘‘uromucoid,”’’® which has a molecular 
weight of seven million.*® The quantity of this 
component is much increased in the urine of all 
patients with calculous disease, and it is com- 
pletely insoluble in urine of average concentra- 
tion. There is thus no basis for the assumption 
that, because some colloidal solutions increase 
the solubility of calcium, the colloids of urine 
act in a similar manner. 

Neither is there available any evidence that 
simple crystalluria has an etiologic relationship 
to the formation of concretions.* Crystalluria 
is a frequent clinical observation and may occur 
daily in the same individual for many months 
without the formation of a calculus. 

On the basis of our present knowledge we 
cannot conclude that the formation of an 
organized calculus is solely, or even primarily, 
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the result of factors which influence the solubility 
products of the crystalline substances involved. 


ORGANIC MATRIX OF CALCULI 


Attempts to Recover the Matrix from Formed 
Calcult. We have been unable to determine 
accurately the quantity of organic material 
which may be considered to form the matrix of 
calculi. The usual methods for the dissolution of 
stones with strong mineral acids destroy the 
matrix and alter that which is recovered to form 
a gum-like mass of unidentifiable material. The 
partial dissolution of uric acid calculi in alkaline 
media has resulted in the leaching out of an 
organic matrix which contains all of the red- 
brown pigment characteristic of these stones. 
The undissolved residue is a soft, putty-like 
mass of white uric acid. The various colors 
observed in urinary calculi are an inseparable 
part of the organic matrix. All crystalline struc- 
tures yet identified in urinary calculi”! are 
normally white. 

The most satisfactory method for demonstrat- 
ing the presence of the organic matrix has 
been the slow chelation of the calcium ions with 
ethylene-diaminetetraacetic acid. Some of the 
organic material so obtained has shown meta- 
chromatic staining with aqueous toluidine 
blue.'4 The fact that the organic material 
recovered from various large calculi gives a 
positive Million test, a positive biuret test, a 
positive periodic acid test (Hotchkiss-McMannus 
stain) and a positive Molisch test indicates the 
presence of both protein and carbohydrate. In 
general, the stones composed primarily of the 
large, plane-surfaced crystals of calcium oxalate 
dihydrate have shown the least amount of 
matrix. The stones composed of mixtures of 
hydroxyapatite and calcium oxalate mono- 
hydrate have shown the greatest quantities of 
matrix. 

None of these methods so far employed has 
resulted in recovery of a material suitable for 
complete analysis. Perhaps the recovery of the 
active mucoprotein matrix from formed calculi 
is no more feasible than the recovery of the 
clam’s mantle from the nacreous lining of its 
dead shell. 

Recovery of Materials from Urine Which May 
Form the Matrix of Calculi. A more practical 


approach may be directly toward a search for a . 


“‘calcifiable matrix’”’ in the urine of patients who 
are forming calcigerous urinary stones. A 
previously described technic‘ was used to recover 
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all the non-diffusible components in twenty-four- 
hour specimens of urine from three normal 
subjects and from five patients with urinary 
calculi. Each residue was placed in a cellophane 
bag and dialyzed against distilled water until it 
was free of diffusible salts. These bags were 
then suspended in a sterile twenty-four-hour 
specimen of normal urine, which was stored at 
1°c. to prevent bacterial growth. The sterile 
urine was replaced every seventy-two hours by a 
fresh specimen from the same normal subject. 
Layers of a firm crystalline material were 
observed to develop within the colloidal gel 
recovered from three of the patients with 
calculous disease, and smaller crystalline de- 
posits were found in the samples from the other 
two patients with calculous disease. Analysis of 
these crystals revealed them to contain calcium 
and phosphate. No crystalline material could be 
distinguished by gross, microscopic or chemical 
analysis of the colloidal residues from the normal 
subjects. Figure 1 is a comparison of the crystal- 
line residues from two patients with calculous 
disease and the uncrystallized residue from one 
normal subject. The greatest quantity of 
crystallization occurred in the colloidal residue 
from a patient who was subsequently demon- 
strated to have a functioning adenoma of the 
parathyroid gland. (Fig. 1A.) 

Electrophoretic studies of the urinary proteins 
were made, and the urine of patients with 
calculous disease was found to contain a muco- 
protein with electrophoretic mobilities different 
from that of any component of normal urine.* 
When this mucoprotein was suspended in calci- 
fying solutions, there was precipitation of a 
calcium-mucoprotein chelate and the subse- 
quent formation of a _ calcium phosphate 
precipitate. 

The aforementioned studies taken together 
were considered to be at least suggestive evidence 
that the urine of patients with calcigerous stones 
contains a “calcifiable matrix.”” No such ma- 
terial has been demonstrated in normal urine. 

The urine of both normal subjects and pa- 
tients with calculous disease was found to con- 
tain a mucoprotein of molecular weight 7 X 10°. 
It is considered to be the principal product of the 
secretory activity of the urinary epithelium 
and has been referred to as uromucoid.*® This 
material was independently isolated as the 
virus-inhibitory mucoprotein of urine by Gotts- 
chalk!” of Australia, Odin'® of Upsalla, and 
Tamm and Horsfall?® of New York. It has a 
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Fic. 1. Crystals containing calcium and phosphate which developed within the ‘“‘calcifiable matrix’’ of colloidal 
material recovered from the urine of patients with growing calcigerous stones of the renal pelves. A, colloidal residue 
from twenty-four hour urinary output of a patient subsequently proven to have primary hyperparathyroidism. B, 
twenty-four hour colloidal residue from urine of patient with single renal calculus. C, twenty-four hour colloidal 
residue from normal control subject; no crystalline material developed in the control preparations. ‘These colloidal 
residues were dialyzed free of salts and then suspended in cellophane bags in the same twenty-four hour urine speci- 
men from a normal subject. Sterile urine was replaced at seventy-two hour intervals by twenty-four hour specimens 
from the same normal subject. 


Fic. 2. Structure of a representative calculus removed from the renal pelvis. The center is hydroxyapatite; successive 
layers are mixtures of crystals of hydroxyapatite and calcium oxalate dihydrate. Dissecting binoculars were utilized 
for the detailed study. 
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total carbohydrate content of 25.9 per cent, This material was found to be soluble in buffer 
composed of hexoses (galactose and mannose) solutions of pH 12.3, which disrupted the mole- 
8.3 per cent, hexosamine 7.7 per cent, fucose cule into smaller units with a molecular weight in 
1.0 per cent and “‘sialic acid” 9.8 per cent. This the range of 3,710 to 4,250. These units were 
material is quite insoluble in normal urine and __ sufficiently similar in molecular weight and net 
in buffer solutions throughout the pH range of _ negative charge to give electrophoretically homo- 
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Fic. 3. Chemical composition of the various layers of the calculus illustrated in Figure 2. ‘The basic units of the car- 
bohydrate moiety of the urinary mucoprotein, uromucoid, are represented as the mucoprotein layer. No implications 
as to the quantitative relationships, structural bonds, optical isomerism or terminal groupings of these sugars are 
intended. There is evidence that uromucoid contains at least two carbohydrate moieties composed of slightly different 
combinations of these basic units. The calculus is represented as a basic unit of hydroxyapatite,?? the most common 
crystalline component of calculi. 


normal urine. When suspended in calcifying . geneous patterns throughout the pH range of 4.5 


solutions, it did not produce any appreci- to 12.0. Analysis of this material revealed a carbo- 
able chelation of calcium as determined by hydrate content of 21.5 per cent, composed of 
conductometry. hexose 8.3 per cent, hexosamine 2.3 per cent, 
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fucose 2.1 per cent and “‘sialic acid’’ 8.8 per cent. 
This soluble form of ‘‘uromucoid”’ was found to 
bind calcium to form a relatively insoluble 
calcium-mucoprotein complex. Conductometric 
and electrophoretic studies indicated this to be 
an insoluble mucoprotein chelate of calcium.® 


Ethylenediamine tetraacetic acid 


HOOCCH;, CH,COOH 
Nw CH.CH.N 
HOOCCH, CH.COOH 


CO 


II Sexadentate 


matrix. The exterior is covered with a glisten- 
ing layer of mucoprotein, varying in thickness 
from a few hundred microns to several milli- 
meters. Figure 3 is a schematic drawing of the 
general chemical composition of each_of these 
layers. 


-OOCCH, — CH.COO- 
2 
H.C CH, 
Ca 
CO—O O——CO 
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Fic. 4. Calcium chelates of ethylenediamine tetraacetic acid after Martell and Calvin.!’ m1 illustrates structural ar- 
rangement in which calcium with a coordination number of six may unite with a quadridentate chelate compound 
and still retain a bond relationship with hydroxyl or phosphate ions. Such a structure may be representative of an 
organic template which facilitates the crystallization of hydroxyapatite by the spatial arrangement of calcium, hydroxy] 


and phosphate ions. 


The possibility thus exists that the “‘calcifiable 
matrix’? present in the urine of patients with 
calculous disease is a modified or ‘‘activated”’ 
form of the uromucoid present in all urine. 


INITIATION AND GROWTH OF URINARY CALCULI 


Figure 2 is an illustration of the most usual 
type of renal calculus encountered in our series. 
The center is composed of calcium phosphate 
(hydroxyapatite) and the succeeding layers are a 
mixture of separate apatite and calcium oxalate 
crystals, with intermingled layers of organic 


The carbohydrate fraction of the urinary 
mucoprotein contains substances which may 
form chelate compounds with calcium.'’ These 
include the hydroxy acids of galactose, mannose 
and fucose, glucosaminic acid and the proline 
structure, 2-carboxy pyrrole. Only the empirical 
formula of “‘sialic acid’? has been determined’® 
but inspection of this suggests that it probably 
represents a structure capable of chelate ring 
formation. (Figs. 3 and 4.) These carbohydrate 
units are selected from the analysis of “‘uro- 
mucoid;’’®:!?:2° however, with the exception of 
2-carboxy pyrrole, all of these components are 
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basic units of the carbohydrate moieties of serum 
mucoproteins.”® For our present illustration it is 
thus irrelevant whether we ascribe these units to 
uromucoid or to a mucoprotein derived from the 
serum. 

In any consideration of the solubility or ion 
exchange reactions of calcium and other metals, 
the chelate compounds are of peculiar impor- 
tance. A metal chelate compound is a single 
molecule containing two or more electron donor 
groups which bind the metal ion to form an 
undissociated ring compound in which the metal 
is an integral unit. ‘The divalent calcium ion has 
a coordination number of at least four and 
probably six. (Fig. 4.) A single quadridentate 
chelate molecule can thus tie up a calcium ion in 
three individual rings through four of these 
coordinate covalent bonds; or, conversely, a 
single calcium ion can tie up two molecules of a 
tridentate chelate compound, forming four 
rings through six bonds. Oxalic acid is an exam- 
ple of a simple bidentate chelate compound. 

The physical and chemical properties of 
metal chelates are quite different from those of 
the metal salts, metal complexes or organo- 
metallic compounds. Calcium firmly caught in 
the grip of these chelate rings is no longer active 
in the same sense as ionized calcium in a similar 
solution. This fact is evidenced by alterations in 
electrical conductivity and electrophoretic prop- 
erties, in solubility and in the _ production 
of color reactions, as well as a great many other 
properties. 

Although the metal ion is firmly trapped in the 
chelate ring system, it may be separated with 
extreme rapidity under certain conditions. Each 
organo-metal chelate has a definite stability 
constant, and a given metal can be readily 
displaced from the chelate structure by other 
metals higher in the series. The presence of 
competitive chelate structures, the hydrogen ion 
concentration, and a variety of diverse factors 
influence this separation of the metal from its 
chelate.'’ These properties have made the metal 
chelate compounds most valuable for removing 
lead from the human body,”* providing soluble 
minerals for plant nutrition and separating 
complex mixtures of metal ions. 

Most of the metal chelate compounds studied 
to date have their greatest usefulness in the 
formation of highly soluble metal chelates. ‘The 
mucoproteins of urine are characterized by 
having the chelate rings firmly attached to a 
protein moiety, and the calcium chelates thus 
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formed tend to be highly insoluble macro- 
molecules.* The significance of this property in 
the formation of urinary concretions is im- 
mediately apparent. An active chelate com- 
pound of this type can form an_ insoluble 
calcium-mucoprotein molecule by chelating 
calcium from urine which contains even minimal 
quantities of calcium. If this complex remains 
adherent to the walls of the urinary tract, a very 
high local concentration of calcium may be built 
up in normal urine. Thus a colloidal micelle!* 
of extremely high calcium content may develop. 

Under the influence of shifts in hydrogen ion 
concentration, the presence of oxalic acid, 
orthophosphates or particularly condensed phos- 
phates, or other changes in environment, 
the chelate rings may be induced to release 
calcium, with the resultant local formation of 
crystalline calcium compounds. In the initial 
stages these crystals may form adjacent to the 
mucoprotein or within its meshes; but as the 
process repeats itself many times, the successive 
layers of crystal units will tend to form on the 
surface of the pre-existing crystal. The structure 
may thus become a calculus, with the layers 
oriented as shown in Figure 2. 

As successive layers of crystalline material are 
laid down upon the surface of the calculus, 
variable quantities of the mucoprotein layer may 
be left entrapped to form the “‘matrix.’’ How- 
ever, the point of growth of the stone is at the 
surface of the crystalline layer and immediately 
beneath the surface of the mucoprotein cover. 
Thus the growth of calculi may be likened 
mechanically to the growth of the oyster’s shell 
as the mantle lays down successive layers of 
nacre. 


COMMENT 


It is apparent that the mucoprotein responsi- 
ble for this transfer of ions from urine to crystal- 
line solid must be different from any found in 
normal urine, and we have used the term 
‘activated mucoprotein”’ to denote this differ- 
ence. We have been unable to demonstrate any 
such activity in any of the proteins found in 
normal urine.°® If “‘uromucoid”’ is the responsible 
mucoprotein, its structure must be modified in 
some manner to free the carboxyl and amino 
groups which are probably responsible for 


. calcium chelate formation. It seems unlikely 


that hydrogen bonds alone could tie up these 
groups to the exclusion of calcium, since the 
stability constants of most such structures are 
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considerably less for hydrogen than for calcium. 
It is more likely that some internal arrangement 
of the carbohydrate moiety prevents the chela- 
tion of calcium until the structure has been 
rearranged or disrupted. The observation that 
uromucoid is a much more active chelating 
agent for calcium after its molecule has been 
degraded and a portion of the hexosamine con- 
tent split away lends support to this latter 
concept. 

A coating of normal uromucoid might be 
expected to form a protective inert layer which 
could limit the growth of the crystalline com- 
ponents of calculi. Such a layer of inactive 
normal uromucoid may account for the molding 
of branched calculi to conform to the outlines of 
the epithelium-lined renal pelvis and calyces. 
The tendency for ‘‘staghorn’”’ calculi to fill the 
renal pelvis rapidly and then remain quiescent 
may also result from this contact with the 
secretions from relatively normal epithelium. 

We have frequently observed clusters of the 
large plane-surfaced crystals of calcium oxalate 
dihydrate on the surfaces of calculi such as the 
one shown in Figure 2. These deposits may be the 
result of crystallization of this material on a 
large surface without the intervention of a 
chelate mucoprotein step. However, at least 
half of the “‘pure’’ calcium oxalate stones listed 
in Table 1 have a discernible nucleus of calcium 
phosphate. It is probable that the remainder 
have a microscopic nidus of calcium-muco- 
protein chelate, with or without phosphatic 
crystals. The occurrence of magnesium am- 
monium phosphate crystals in calculi may repre- 
sent a similar type of ‘“‘secondary deposit” 
or surface crystallization; however, chelate 
agents for calcium will also chelate magnesium if 
the local conditions are favorable and if all 
available calcium has been previously bound. 


SUMMARY 


Considerable evidence has accumulated which 
would indicate that the organic matrix of 
urinary calculi plays an active part in the local 
concentration and precipitation of calcium. 
This metal is the principal cationic unit in the 
crystalline structure of more than 90 per cent of 
all urinary concretions. It is suggested that 
the abnormal (activated) mucoproteins of 


urine® chelate calcium from solution to form 
relatively insoluble micelles!* of colloidal cal- 
cium-mucoprotein units. This is the initial step 
in calcigerous stone formation and is followed by 


crystallization within the meshes of the muco- 
protein micella. These same mucoproteins, 
forming a surface layer, may produce a local 
concentration of calcium on the surface of the 
growing concretion. They may even serve as an 
organic template to facilitate the spatial ar- 
rangement of calcium and hydroxy] ions!’ in the 
growth of the apatite lattice. 
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The Metabolism of Carbohydrates’ 


A Review 


DEWITT STETTEN, JR. and YALE J. TOPPER 
Bethesda, Maryland 


HE present paper is intended to give back- 
| ground information in the area of mam- 
malian carbohydrate metabolism. Similar 
contributions from other sources are expected to 
appear subsequently in this Journal treating with 
endocrine regulation and clinical disturbances 
of sugar metabolism. It is our intent to supply the 
necessary information relating to the biochemi- 
cal reactions of the common sugars as these 
are currently understood. This will permit the 
future development by other contributors to 
this series of such matters as the regulation of 
carbohydrate metabolism by endocrine mecha- 
nisms and the metabolic defects in the diseases 
of carbohydrate metabolism. 

The benefits which the mammalian cell 
derives from its nutrients may be divided into 
two classes. (1) All of the compounds necessary 
for its continued survival and the performance 
of its normal function must come to the cell 
from the nutrient directly or must be synthesized 
from precursors which are supplied in this 
nutrient. Included in this category is the need for 
continuous replacement within the architecture 
of the cell of those structural components which 
are being destroyed. (2) All of the energy re- 
quired for the continued survival and operation 
of the cell must be derived from the breakdown 
of energy-containing compounds of the nutrient. 

The present discussion of carbohydrate metab- 
olism will be oriented toward a consideration of 
the compounds which the cell can form from the 
sugars which are supplied to it and of the sources 
of the energy and the mechanisms of its release 


or storage in the course of carbohydrate 
catabolism. 

Photosynthesis and the Origins of Biochemical 
Energy. ‘The prime mover with respect to the 
energy of biochemical reactions is the phenom- 
enon of photosynthesis. Ultimately, all the 
energy with which we are concerned is derived 
from that portion of the solar spectrum that is 
absorbed by chlorophyll. In green plants this 
dependence is fairly direct; in animals this 
dependence, though less immediate, is equally 
real. Photosynthesis may be defined as the reduc- 
tive fixation of carbon dioxide into organic 
molecules with the liberation of oxygen gas, 
brought about by the action of light: 


H.O + CO,—“>1/n (CHO), + (1) 
(carbohydrate) 


This process has been bisected into two major 
steps, only the first of which is photodependent: 


li 

+X—5H:X + [O] > 14 (2) 
(electron (active 
acceptor) oxygen) 


In this, the so-called “‘light’’? reaction, water 1s 
cleaved in the presence of an electron acceptor, 
X, to yield a reduction product, H2X, and 
oxygen. 

By means of this photo-energized reaction the 
energy of certain electrons is enormously en- 


*From the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health 
Service, United States Department of Health, Education and Welfare, Bethesda, Md. 
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He 
C 


hanced as they are delivered, in a single step, 
from the stable, low energy condition which 
they occupy in water to a high energy condition 
which they occupy in the reduced cofactor HeX. 
The fixation of CO: is a secondary process not, 
per se, photodependent. 

During the catabolic, exergonic phase, which 
occurs in green plants when the light is turned 
off and in mammalian cells at all times, the 
energy of electrons cascades downward, not in a 
single step which would be explosive and waste- 
ful but in many small discrete steps until the 
basal energy level of water is again achieved. 
The generation of COs, like its fixation, is a 
secondary process involving the decarboxylation 
of keto acids formed incidentally by the various 
oxidative processes. 


/ 


4-- COOH 


S—S 
O 


Recently, the probable nature of X in equa- 
tion 2 has been elucidated. It is lipoic acid, hav- 
ing the structure (1): 


H» 
C 


S—_—S 


The essential role of this compound in the oxida- 
tion of pyruvic acid and its entry into the Krebs 
tricarboxylic acid cycle had been recognized 
long before its structure was known. When 
chlorophyll is excited by light it is pictured as 
passing energy on to lipoic acid, the strained 
five-membered ring of which reacts with water to 
yield a thiolsulfenic acid of the type (1): 
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H 
HS S—OH 


Two molecules of this product then dismute to 
yield (11): 


CH—(CH:)4 


He 
C 


H2C 2)4 —-COOH 


HS SH 


which is H2X (equation 2), and a product (iv) 
which may be termed the active oxygen (equa- 
tion 2): 


r 
/\ —(CH:)—COOH COOH +[H,0,] 


H,0 + 14 
T (3) 


IV 


The net result of this total process is to decrease 
the concentration of the cyclic lipoic acid (1). 
Since this compound is essential for oxidation, 
via the Krebs cycle, of pyruvic acid, herein lies 
the probable explanation for the fact that during 
photosynthesis the Krebs cycle in plants is 
essentially non-operative. 

As indicated earlier, the fixation of carbon 
dioxide is itself not photodependent but is linked 
to the reductive pressure which stems from 
the photosynthetic generation of reduced co- 
enzymes. The probable initial steps of CO, fixa- 


tion by green plants include condensation with 


the ketopentose, ribulose-1,5-diphosphate, and 
subsequent cleavage of the product to yield 2 
molecules of 3-phosphoglyceric acid: 


| 
| | 
| —H:O | 
O 
ie. 
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C—OH HOOC—C—OH 
C*O2 + | H.O 
CHOH 
CH2OPO3H2 L. CH20OPO;3H2_ 
Ribulose-1,5- 
diphosphate 
fenediol) 
(4) 
HOOC—C—OH 
H 
CH2OPO3H:2 
3-Phospho- 


glyceric acid 


The location of the radioactivity initially in- 
corporated by green plants photosynthesizing in 
an atmosphere of C!4O:, has been shown to 
be in the carboxyl carbon of 3-phosphoglyceric 


acid (v): 


The continued operation of this reaction 
requires the regeneration of five-carbon sugars 
and essential for this is the reduction of phospho- 
glyceric acid to the triose phosphate, 3-phospho- 
glyceraldehyde (v1): 


Whereas the immediate source of hydrogen for 
this reduction is probably reduced diphospho- 
pyridine nucleotide, DPNH, the ultimate source 
of hydrogen is doubtlessly reduced lipoic acid 
(111). 

The triose phosphate generated serves as a 
source of hexoses such as glucose by reversal 
of the Embden-Meyerhof pathway, which is 
to be discussed in the next section. It also 
permits regeneration of the pentose, ribulose, 
required in reaction 4. The details of these routes 
are beyond the scope of this review but it may 
be mentioned that a prominent pathway for 
pentose formation is the reversal of a portion 
of the transketolase pathway, described on 
page 102. 

Glycolysis via the Pathway of Embden and Meyer- 
hof. For the energy that is contained in the 
glucose molecule to become available to the 
mammalian cells which consume it, the bonds 


holding the molecule together must be broken. 
In the respiring organism the final products 
of such breakdown are generally CO2 and H.O. 
It has been found that this process occurs over 
fairly well defined pathways, some of which are 
common to a variety of cells and tissues. Of 
these the most studied is that referred to as the 
Embden-Meyerhof pathway, a series of reactions 
whereby glucose is degraded to lactic or 
pyruvic acid or both. Among the many fates 
of pyruvic acid is its introduction into the citric 
acid cycle of Krebs, whereby it is finally 
oxidized to carbon dioxide and water. However, 
since the citric acid cycle is common to metab- 
olites of lipids and amino acids as well as to 
those from carbohydrate sources, it will not be 
considered as falling within the area of this 
review. 

The reaction which initiates the Embden- 
Meyerhof sequence, and probably the most 
commonly occurring of the metabolic fates of 
glucose in the mammal, is phosphorylation in 
position 6. Non-phosphorylating fates of glucose 
do occur in microbial biochemistry and the 
best known example of these is the notatin 
reaction: 


O 
C 
H—C—OH 
‘otatin | 
| 
H—C—OH 
| 
H—C 
| 
CH2OH CH2OH 
Glucose 6-gluconolactone 
(5) 
| 
CH2OH 
Gluconic 
acid 
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A by-product of this reaction is hydrogen 
peroxide, which is apparently the product 
responsible for the bactericidal action of notatin. 
A number of years ago a similar reaction was 
discovered in mammalian liver wherein glucose 
was dehydrogenated by DPN to yield gluconolac- 
tone. However, the significance of this reaction 
in the glucose economy of the intact mammal is 
questionable. 

Glucose phosphorylation is a_ ubiquitous 
reaction in animals and in microbes. The unique 
source of phosphate is adenosine triphosphate, 
and the enzyme is termed hexokinase. This 
enzyme occupies a key position in glucose 
catabolism and was the enzyme implicated by 
Cori as related to the mode of action of anterior 
pituitary extracts and of insulin. Essentially all 
cells of higher animals have the capacity to 
phosphorylate glucose, but hexokinases from 
various sources differ in their specificities with 
respect to the sugar component. Some, such as 
intestinal mucosa hexokinase, effect phosphoryl- 
ation of galactose and fructose as well as glucose, 
while others, such as a particular hexokinase 
of muscle and liver, operate solely upon fructose 
to give fructose-1-phosphate. The over-all 
reaction 


CH, OH CH, OPO5H, 
H H 
ON + ATP OH OH + ADP 
(6) 
H OH H OH 
D-GLUCOSE D-GLUCOSE-6- 


PHOSPHATE 


is exergonic and essentially irreversible. One 
mole of energy-rich phosphate in the form 
of ATP is expended for each mole of glucose 
phosphorylated. 

The product, D-glucose-6-phosphate, has four 
important fates open to it: (1) Under the in- 
fluence of a specific glucose-6-phosphatase it 
may be irreversibly hydrolyzed to yield glucose 
and inorganic orthophosphate. This reaction 
does not occur in muscle but is known to occur 
in liver and probably also occurs in kidney, 
intestinal mucosa and other tissues. It is the 
immediate source of the bulk of the biosynthetic 
blood glucose. (2) Glucose-6-phosphate may be 
transformed to glucose-1-phosphate. This reac- 
tion and its consequences are discussed on page 
106. (3) Glucose-6-phosphate may be oxidized 
to 6-phosphogluconic acid. The implications of 
this reaction appear on page 102. (4) Glucose-6- 


phosphate may be reversibly isomerized to 
fructose-6-phosphate (vm): 


H H 
H OH 
OH H 


The enzyme for this transformation is termed 
phosphoglucose isomerase and the product is on 
the main path of the Embden-Meyerhof 
sequence. This same product may also arise 
from fructose directly by phosphorylation with 
ATP and fructokinase of yeast, brain or muscle. 

Further phosphorylation of fructose-6-phos- 
phate consumes a second mole of energy-rich 
phosphate and yields fructose-1,6-diphosphate as 
a product: 


Hog * AT? Kinase 

H OH 
On (7) 


This reaction, like the hexokinase reaction, is 
exergonic and irreversible. ‘There does, how- 
ever, appear to be a phosphatase capable of 
catalyzing the hydrolysis of fructose diphosphate 
to fructose-6-phosphate and inorganic phosphate. 

The next reaction in the Embden-Meyerhof 
sequence is a reversible cleavage of the bond 
between the two central carbon atoms 3 and 4 of 
the hexose skeleton: 


CH2OPO3H:2 CH2OPO3H:2 
C=O 
| 
HO—C—H Aldolase CH2OH 
| —— + (8) 
H—C—OH 
| 
CH2OPO;3H: CH2OPO;H2 
Fructose-1,6- Dihydroxy- D-Glyceralde- 
diphosphate acetone hyde-3-phosphate 
(Open-chain form) phosphate 


- The products of this reaction in the catabolic 


sense are the phosphoric acid esters of the keto- 
triose, dihydroxyacetone, and the aldotriose, 
glyceraldehyde. In the synthetic or anabolic 


» 
H,0,POCH, 9 CH20H 
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sense, the enzyme aldolase is remarkably specific 
with respect to dihydroxyacetone phosphate but 
a variety of aldehydes have been found to replace 
glyceraldehyde-3-phosphate, leading to the 
possible synthesis of a variety of sugars. The 
synthetic possibilities of this enzyme have only 
recently been generally appreciated. 

The two triose phosphates are readily inter- 
convertible in the presence of triosephosphate 
isomerase and are often considered as an equilib- 
rium mixture: 


CH2OH CHO 
| ‘Triosephosphate | 

(9) C=O === HC—OH 
isomerase | 
CH.2OPO;H» 


Dihydroxyacetone phosphate is of interest as the 
source of glycerol and a-glycerolphosphoric 
acid (vuqr) 

CH.OH 


| 
CHOH 

| 
CH2OPO;H: 


to which it is readily reduced by DPNH, and 
these products undoubtedly participate in the 
synthesis of neutral fats. Glyceraldehyde-3- 
phosphate is subject to a remarkable oxidation 
involving the obligatory participation of inor- 
ganic phosphate. The details of this reaction, 
which involves a sulfhydryl enzyme and oxidized 
diphosphopyridine nucleotide, are currently 
unclear but the over-all stoichiometry is 
expressed by the equation: 


O 
C—H 
4+ H,PO, + DPN = 
(70) 
C—OPO;H: 
+ DPNH +H 
CH,OPO.H; 


1,3-Diphospho- 
glyceric acid 


This reaction is unusual in two important re- 
gards. In the first place, it is the sole step inter- 
vening between glucose and pyruvic acid in this 
sequence which involves oxido-reduction. Sec- 
ondly, it is a reaction whereby inorganic 
orthophosphate is consumed while an energy- 


O 

rich phosphate bond, —-C—-OPQO;Hkg, is gen- 
erated. The phosphate in position 1 of the 
product is of sufficiently high energy to enter the 


adenosine triphosphate system: 


COOPO3H: 
| Phosphoglycerate- 
ADP + HC—OH 
| kinase 
CH,OPO;H> 
(77) 
ATP + HC—OH 
| 
3-Phosphoglyceric 


acid 


The product of this reaction is in equilibrium 
with its isomer, 2-phosphoglyceric acid, and 
since the reaction is accelerated by the presence 
of 2,3-diphosphoglyceric acid a mechanism 
analogous to that of the phosphoglucomutase 
reaction (page 106) has been postulated: 


COOH COOH 

| | Phosphoglycero. 
HC—OH «-+.-. HC—OPO,H, = 

| | mutase 

CH,OPO;H: PO;H: 

3-Phospho- 2,3-Diphospho 


glyceric acid glyceric acid 
(72) 
COOH 
| 
+ HC—OPO;3H2 


COOH 


| 

CH2OH 
2-Phospho- 
glyceric acid 


| 


C2 
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In the presence of enolase, 2-phosphoglyceric 
acid loses a mole of water: | 


COOH 
C—OPO3H2 + H20 


Enolase 


| 
HC—OPO 


| 
CH,2OH 
Phosphoenolpyruvic 
acid 


(73) 


to yield the phosphoric acid ester of (enol) 
pyruvic acid. Phosphate in this situation is also 
rich in energy and capable of entering the ATP 
system: 


COOH 

| Pyruvic- 

COPO3H. + ADP == 
| kinase 

CH», 

(74) 


COOH COOH 


(enol) (keto) 
Pyruvic acid 


In the course of its normal operation in respiring 


tissues a large part of the pyruvic acid formed 


undergoes oxidative decarboxylation to yield 
acetyl-coenzyme A. This important product is a 
precursor for synthesis of fatty acids, sterols, and 
so on, and for COs: via the Krebs tricarboxylic 
acid cycle. Pyruvic acid is also an acceptor of 
amino groups to yield alanine and an acceptor 
of COs: to yield oxaloacetic acid. When oxygen 
is unavailable the reduced DPNH formed in the 
phosphoglyceraldehyde dehydrogenase reaction 
reduces pyruvic to lactic acid, which then is the 
stable final product of so-called ‘‘anaerobic 
glycolysis.» With normal oxygen tensions in 
mammalian tissue, very little lactic acid ac- 
cumulates and pyruvic acid may be considered 
to be the terminus of the Embden-Meyerhof 


sequence. 


The gross energy yield liberated when a mole 
of glucose is broken down to two moles of lactate 
is approximately 58,000 calories, which is a small 
fraction of the energy yield, 686,000 calories, of 
the total oxidation of glucose to CO2 and H2O. 
In the course of the process some energy is con- 
served, as the following accounting of high- 
energy phosphate (~P) will reveal: 


~P Yield 
glucose — glucose-6-phosphate —1 
fructose-6-phosphate — fructose-1,6- 
diphosphate —1 


2(diphosphoglyceric acid) — 2(phos- 
phoglyceric acid) 
2(phosphopyruvate) — 2(pyruvate) +2 


Yield: moles ~P per mole glucose +2 


The Embden-Meyerhof pathway, with minor 
modifications, appears to operate in all mam- 
malian tissues. It is the sole recognized pathway 
of glucose breakdown in muscle and is a major 
pathway in many other tissues, such as brain. 

Glucose Oxidation via 6-phosphogluconic Acid. 
Whereas the pathway of Embden and Meyerhof 
has, until recently, been considered as the 
prototype which, subject to minor modifications, 
described the utilization of glucose, growing 
evidence for the existence of a distinct and 
alternative pathway has accumulated in the past 
few years. This route has variously been called 
the ‘‘Shexose monophosphate shunt,”’ the “‘direct 
oxidative pathway” and the ‘‘Warburg-Lip- 
mann-Dickens pathway”’ but is perhaps most 
appropriately termed the ‘“‘phosphogluconate 
oxidation pathway.” It stems, as does the 
Embden-Meyerhof pathway, from  glucose-6- 
phosphate and isinitiated by a series of oxidative 
steps. See formula (75), page 102. 

In each of the two oxidative steps triphospho- 
pyridine nucleotide serves as hydrogen acceptor. 
The enzyme for the first reaction of the series, 
glucose-6-phosphate dehydrogenase, was named 
‘*Zwischenferment’”? by Warburg many years 
ago. The second enzyme, 6-phosphogluconate 


’ dehydrogenase, is believed to oxidize the sugar 


at carbon atom 3 but the 3-keto acid, the 
postulated product, has not been definitively 
characterized. Carbon 1 of glucose is then 


| | 
ATP + C—OH = C=O 
| 
CH; 
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4 H 
O 
| | | 
H—C—OH H—C—OH H—C—OH H—C—OH H2C—OH 
| O —2H | O  Glucono- | 
HO—C—H HO—C—H — HO—C—H C=O C=O 
| | lactonase —zZH | | 
H—C H—C—OH H—C—OH H—C—OH 
| 
H»C—OPO3H:> H2C—OPO;H2 H2C—OPO3H:2 | HeC—OPO3H:2 _ H2C—OPO3H, 
Glucose-6-phosphate 6-Phosphoglucono- 6-Phosphogluconic 3-Keto-6-phospho- Ribulose-5- 
lactone acid gluconic acid phosphate 


eliminated as CO, yielding a pentose, ribulose- 
5-phosphate. 

The action of a phosphopentose isomerase, 
acting analogously to phosphohexose isomerase 
(page 104), brings the ketopentose and the 
aldopentose into equilibrium: 


phoribose-1-pyrophosphate, and this product 
serves as a source of pentose in the synthesis of 
ribose nucleotides and ribose nucleic acids. 
Alternatively, ribose-5-phosphate is subject to 
transformation to ribose-1-phosphate by a 
mutase mechanism comparable to that in the 
hexose series and this derivative may also serve 
as a source of pentose in the synthesis of ribose 


CH2OH CHO 

| | nucleosides. 
C=O H—C—OH Carbon atoms 1 and 2 of-ribulose are quite 
| | reactive. In the process of photosynthesis it is 
(76) H—C—OH = H—C-—OH this pair of carbon atoms which ultimately 
| accepts CO, from the atmosphere to yield 
H—C—OH H—C—OH phosphoglyceric acid. This pair of carbon atoms 
| | is of interest to us in another respect. The 
H2C—OPO3H2 H2C-——OPO3H2 enzyme transketolase can, in the presence of 
thiamine pyrophosphate, transfer these carbon 
a a atoms, in the form of enzyme-bound glycolalde- 


Ribose-5-phosphate may be activated at posi- 
tion 1 by reaction with ATP to yield 5-phos- 


hyde (HOCH:CHO), from_ribulose-5-phos- 
phate to certain acceptors among which is 
ribose-5-phosphate: 


C=O 
| 
(77) H—C—O|H| + 
| 
H.2C—OPO;3H2 H,C—OH H2C—OPO3H2 
Ribulose-5- Ribose-5- Sedoheptulose- Glyceraldehyde- 
phosphate phosphate 7-phosphate 3-phosphate 
( C; + Cs — Cz C3 


(75) 
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The seven-carbon sugar, sedoheptulose phos- 
phate, may in turn react with the three-carbon 
sugar, glyceraldehyde phosphate, in a trans- 
aldolase reaction involving transfer of the top 
3 carbon atoms from the former to the latter: 
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In other words 3 molecules of CO: are gener- 
ated from 3 molecules of glucose with the poten- 
tial capacity for regeneration of 244 molecules 
of hexose. 

It is interesting to compare and contrast this 


CH,OH 
| 
HO—C—H 
| | 
| | 
| 
H—C—OH H—C—OH H—C—OH H—C—OH 
| | | | 
H,COPO;H, H»C—OPO;H, H,C—OPO;H,  H,C—OPO;H, 
Fructose-6- Erythrose-4- 
phosphate phosphate 
( Cy + C3 Ce C4 ) 


The metabolic relations of fructose-6-phosphate 
have already been discussed (page 99). The 
four carbon sugar fragment may serve, much as 
ribose-phosphate does, as an acceptor of active 
glycolaldehyde in a transketolase reaction: 


CH.OH 
CHO 
| 
H—C—O|H + H—C—OH = 
| 
H—C—OH 
| 
H.C—OPO3H, H2,COPO3H2 
Ribulose-5- Erythrose-4- 
phosphate phosphate 
( Cs 


In considering the cyclic operation of this 
series of reactions one additional fact should be 
borne in mind, namely, that glyceraldehyde- 
3-phosphate, by reversal of the steps of the 
Embden-Meyerhof sequence, may be converted 
to hexose (C3 — 14 Cz). Summation of these 
several steps reveals the following: 


3 Cg 3C,;+3C, 
C;+ GC; 
C;+ Cy, 
C,+ Ce t+ 
Cz 


3 C. — 214 Ces + 3C, 


Sum: 


pathway with the Embden-Meyerhof pathway. 
In the phosphogluconate oxidation pathway, 
beginning with glucose-6-phosphate, no ATP is 
required but an obligatory oxidation occurs 
early in the reaction sequence. Repeated opera- 


CH.OH 
| 
HO—C—H 
| 
H—C—OH CHO 
| | (19) 
H—C—OH H—C—OH 
| | 
Fructose-6- Glyceraldehyde- 
phosphate 3-phosphate 
Cz + C3 ) 


tion of the cycle as delineated yields CO: as the 
sole and final product, with release of all the 
energy introduced into the glucose molecule by 
photosynthesis. Concerning the disposition and 
possible conservation of this energy, there is no 
definitive information. The Embden-Meyerhof 
pathway, on the other hand, when beginning 
with glucose-6-phosphate, consumes ATP in the 
formation of hexose diphosphate. If lactic acid 
is the accumulated end product, no net oxida- 

‘ tion has occurred and the sequence can and 
does proceed anaerobically. Terminating at 
lactic acid, this sequence releases only a fraction 
of the energy contained in glucose. 


— 
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The steps of the phosphogluconate oxidation 
pathway were, in many cases, first studied in 
microbial systems. However, there is good 
reason to suppose that the same or very similar 
steps also occur in certain mammalian systems. 
Whereas skeletal muscle appears to catabolize 
glucose exclusively over the steps of the Embden- 
Meyerhof pathway, the phosphogluconate oxi- 
dation pathway has been shown to operate in 
liver, mammary gland, testis and certain other 
tissues. 

It would be erroneous to conclude that the 
two pathways described here for glucose 
catabolism necessarily are the only pathways 
that occur. Other routes have been indicated but 
the evidence in support of their occurrence in 
mammalian systems is thus far lacking. 

Hexose Interconversions. In addition to the 
various pathways for glucose catabolism involv- 
ing rupture of the hexose carbon skeleton, there 
are means available to the organism whereby it 
can convert glucose into other hexoses with 
retention of the intact carbon chain. Such 
reactions lead to the formation of certain 
monosaccharides which are required for the 
biosynthesis of lactose and mucopolysaccharides, 
and to others which are necessary for detoxica- 
tion mechanisms. 

The interconversion of glucose-6-phosphate 
and fructose-6-phosphate catalyzed by phospho- 
glucose isomerase has been described on page 
99. Mannose, which. differs from glucose in its 
configuration about carbon atom 2 and is found 
in nature as a constituent of various poly- 
saccharides and of glycoproteins, can be formed 
as its 6-phosphate ester from fructose-6-phos- 
phate in a reaction catalyzed by a phosphoman- 
nose isomerase present in muscle: 


formation of an enediol, and consequently the 
open forms of the sugars are directly implicated. 
It should be noted that fructose-6-phosphate 
is an obligatory intermediate between glucose- 
and mannose-6-phosphates. 

The synthesis of glucosamine, which occurs as 
its N-acetyl derivative chiefly in polysaccharides 
of the tissues, was first demonstrated with an 
extract of Neurospora mycelia: 


CH, OPO, H, CH,OPO,H, 
Hf On On 
on HA GLUTAMINE, Koy + GLUTAMATE (27) 
HO OH HO OH 
H OH H NH, 
D-Glucose-6- D-Glucosamine-6- 
Phosphate Phosphate 


At least two further enzymatic reactions inter- 
vene between the formation of this product and 
the incorporation of the glucosamine moiety into 
mucopolysaccharides: 


Acetyl- 


p-Glucosamine-6-phosphate — 
Coenzyme-A 


H On 
OH H (22) 
HO OH 


H NHCOCH, 


N-acetyl-p- 
glucosamine- 
6-phosphate 


CH.OH 
| | | 
C=O C—OH 
| | 
| 
| 
H2C—OPO;3H:, H2C—OPO3H2 H2C—OPO3H, 
Fructose-6- Enediol Mannose-6-phosphate 
phosphate 


Mechanistically, this reaction, which is similar 
to that for the interconversion of glucose- and 
fructose-6-phosphates, involves the intermediary 


The acetylated material is then isomerized to the 
1-phosphate in a manner reminiscent of the phos- 
phoglucomutase reaction discussed on page 106. 
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2 
(23) 
H—C—OH H—C—OH 
H—C 


N-Acetyl-D-glucosamine- 
6-phosphate 


Another aldohexose of biochemical interest is 
D-galactose (1x), which differs from glucose in 
its configuration about carbon atom 4. 


6 
CH, OH 
H OH H OH 
3 2 
H OH 


This sugar is a component of several polysac- 
charides, and of the disaccharide lactose (x), a 
sugar peculiar to mammals. 
CH,0H CH,OH 
HO O O OH 


OH H OH H 
H H 
H OH H OH 
B-D-Lactose 

Actually glucose-1-phosphate and galactose-1- 
phosphate are interconvertible, that is, inversion 
about carbon atom 4 is reversible in the presence 
of the enzyme phosphogalactose isomerase. The 
coenzyme for this reaction is uridine diphos- 
phoglucose, UDPG (x1), 

C) 


juLty, 1955 


N-Acetyl-D-glucosamine- 
1-phosphate 


and the following steps have been shown to 
occur: 


Glucose-1-phosphate + Uridine triphosphate = 


(UTP) 
UDPG + Pyrophosphate 
| Phosphogalactose 
UDPGalactose =— Galactose-1-phosphate 


(UTP) 
(24) 


Little is known of the mechanism of this isomer- 
ization other than the fact that it occurs without 
rearrangement of the carbon skeleton. It should 
be noted that galactose-1-phosphate can also 
arise in liver from galactose and ATP by a 
galactokinase-catalyzed reaction. 

Another series of conversions which has been 
recently elucidated involves the formation of 
glucuronic acid and its conjugation with certain 
alcohols to form glucuronides: 


| OHH OH 
R—OH — 
— H H OH H H 
tetra ro- 
cortisone, Glucuronide 


(25) 


Products of this type of detoxication reaction are 
excreted in the urine. The oxidation of carbon 
atom 6 of glucose to give the uronic acid again 
involves the remarkable coenzyme UDPGlucose 
and a DPN-linked enzyme derived from liver: 


+ 
UDPGlucose + 2 DPN — 


UDPGlucuronic Acid + 2 DPNH + 2H _ (26) 
(UDPGA) 


1e 
1, 
re 
n 
| 
H 
4 
— 
| | | 
N.H HH OH O 
| 
YY H—C—OH | 
OH HO—C—H O 
| 
| 
CH,OH 
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‘*Active”’ glucuronic acid, UDPGA, then acts as 
the glucuronide donor in the synthesis of the 
conjugates. This reaction, which is catalyzed by 
an enzyme derived from the microsomes of liver, 
has been demonstrated in the formation of 
glucuronides of o-aminophenol, menthol and 
tetrahydrocortisone. Although demonstration of 
the specificity of the enzyme system involved 
must await purification of the microsomal 
preparation, the glucuronide conjugating reac- 
tion involving UDPGA appears to be a general 
mechanism for the formation of such phenolic 
and alcoholic derivatives. 

A summary of relationships of certain hexoses 
is shown in the following diagram: 


UDP-N-Acetylglucosamine 


N-acetylglucosamine-1-phosphate 


N-acetylglucosamine-6-phosphate 


glucosamine-6-phosphate 


galactose-1-phosphate 


UDPGalactose 


Glycogen and the Mechanism of Carbohydrate — 


Storage. In view of the intermittent nature of 
ingestion of food, two devices exist in the mam- 
malian organism to satisfy the continuous need of 
certain tissues, such as the central nervous 
system, for glucose. One of these is the capacity, 


Metabolism of Carbohydrates—Stetten, Topper 


vested especially in the liver, to synthesize 
glucose from non-carbohydrate organic mole- 
cules. The other is the ability of various tissues 
to store glucose, whether of dietary or synthetic 
origin, as polysaccharide. This ability, very 
widespread in nature, results in the accumula- 
tion of starches in vegetable cells and of glycogen 
in animal cells. 

The phenomenon of glycogen storage is a 
happy one in several regards. The molecule of 
glycogen is of enormous molecular size and of 
low intrinsic viscosity, hence contributes mini- 
mally to the viscous or osmotic properties of the 
intracellular fluid. Sugar stored as glycogen is 
readily available for mobilization and indeed 


mannose-6-phosphate 


fructose-6-phosphate 


glucose-6-phosphate 


glucose-1-phosphate 


UDPGlucuronic acid 


such mobilization, and coincident deposition of 
hexose phosphate, occurs continuously in the nor- 
mal animal. The unique source of all glycogen, 
so far as is known, is glucose-1-phosphate. This 
compound is generated in the body in an enzyme- 
catalyzed transphosphorylation: 


| | | | 
| | 
H—C—OH H—C—OH H—C-——-OH 
| 7 | | ie 
HO—C—H HO—C—H HO—C—H H 
(27) 3 | | 
H—C—OH O +: H—C—OH H—C—OH O + H O 
| | | 
H—C H—C | H—C 
| | 
H,C—OPO;H2 H,C—O| H2C—OPO3H2 H,C—-OH 
Glucose-6- Glucose-1,6- Glucose-1,6- Glucose-1- 
phosphate diphosphate diphosphate phosphate 


1 
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The reaction is catalyzed by the enzyme, phos- 
phoglucomutase. Since glucose-1,6-diphosphate 
is both a reagent and a product of the reaction, 
and since its concentration does not diminish as 
the reaction proceeds, it need be present only in 
catalytic amounts. In fact, since glucose-1,6- 
diphosphate was a minor contaminant of 
impure mutase preparations, the requirement 
for this reagent escaped detection for many years. 

Activation of the aldehydic carbon of glucose, 
as by phosphorylation, appears to be a prime 
requisite for the biologic establishment of 
glucosidic bonds. A glucoside may be defined as a 
derivative of glucose substituted in the number 1 
or aldehydic carbon atom. In the family of 
compounds under present discussion, the sub- 
stituent is itself a glucose residue, and the parent 
of this family is the glucose-glucoside, maltose 
(xII): 


CH,OH CH,OH 
H OH H OH 
H H 
OH OH 
HO 0 OH 
OH H OH 


With reference to the numbering of the carbon 
atoms of glucose drawn in this convention the 
oxygen bridge will be recognized as extending 
from carbon-1 of one glucose to carbon-4 of its 
neighbor: 


6 
0) 
H H 
H | 
4 
OH H H 
HO OH | / H 
3 
H OH OH 
a-D-Glucopyranose (8-D-) 


The so-called a-1,4’ bond is the sole glucosidic 
bond of the starch, amylose. In amylopectin, 
and to a greater extent in glycogen, another 
glucosidic bond exists, the a-1,6’ bond, exempli- 
fied in isomaltose (xm): 


CH,0H 


OH 


The primary step whereby the organism 
generates glycogen involves a_ phosphorolytic 
condensation between glucose-1-phosphate and 
the maltosidic end group of a pre-existing 
polysaccharide molecule: 


CH,0H CH,OH CH,0H 
+ 
— ETC. 
HO OPO,;H, HO 
CH,0H CH,OH CH,OH 
H 
H H H INORGANIC 
O—eETC. + 
HO PHOSPHATE 


This reaction is freely reversible, its equilibrium 
being determined by the relative concentrations 
of glucose-1-phosphate and inorganic phosphate. 
The enzyme catalyzing this reaction is phos- 
phorylase, which has been isolated from animal 
as well as from vegetable sources. Under certain 
circumstances phosphorylase may become in- 
activated and then readily reactivated by addi- 
tion of adenylic acid. Epinephrine favors this 
reactivation in the case of liver or muscle 
phosphorylase whereas glucagon is believed to 
assist in the reactivation of the liver enzyme. 

The expected product of the phosphorylase 
reaction, generating solely a-1,4’ glucosidic 
bonds, would be long unbranched chains of 
glucose residues, each with a single reducing 
(aldehydic) end and a single non-reducing end. 
This is indeed the case with amylose. In glyco- 
gen, however, there are numerous non-reducing 
ends to each molecule and the molecule is 
highly branched. A branch point exists wher- 
ever a glucose residue bears substituents on 
carbon atoms 1, 4 and 6: 


107 
e 
Cc 
° 
n 
CH, 
a OH 
yf 
yf 
e 
S 


108 Metabolism of Carbohydrates—Stetten, Topper 


CH,OH 
H a-!,6' 
CH,0H CH, CH, OH 
To 
H H H —- REDUCING 
re) o— END 
a -1,4' a-1,4' 


Phosphorylase is incapable of generating 
a-1,6’ bonds but a second enzyme, a “‘branch- 
ing’? enzyme, has been described which is a 


R, reducing end of molecule. 


saccharides of the starch-glycogen type is 
initiated by the hydrolytic cleavage of a-1,4’ 
glucosidic bonds by the catalysis of a-amylases 
of the saliva and pancreatic juice. a-Amylase also 
exists in the blood and possibly in the solid tissues 
of the body but its role in intracellular glyco- 
genolysis is obscure. Better understood is the 
phosphorolytic cleavage of a-1,4’ bonds, under 
the influence of phosphorylase, a reaction which 
is the precise reversal of that previously shown 
(reaction 28). The attack by inorganic phosphate 
liberates the terminally situated glucose residue 


©, ©, @, glucose units removed by the first, second, and third digestions with phos- 
phorylase, respectively. 
©, glucose unit split off as free glucose from 1,6 linkage by amylo-1,6-glucosidase. 


Fic. 1. The structure of glycogen. (From Larner, J., [lling- 
worth, B., Cori, G. T. and Cori, C. F. J. Biol. Chem., 199: 647, 


1952. 


transglucosidase. It apparently catalyzes a 
reaction wherein glucose residues are transferred 
from a-1,4" to a-1,6’ linkage, the new linkage 
being formed at the expense of the old. The 
enzyme has been named amylo-(1,4 — 1,6)- 
transglucosidase and has been shown to occur 
both in liver and in muscle. 

The combined action of phosphorylase and 
the branching enzyme results in the generation 
of highly branched polysaccharides of an 
arboreal nature as shown in Figure 1. The 
branching patterns of liver and muscle glycogens 
differ somewhat, probably a consequence of 
difference in the relative activities of the par- 
ticipating enzymes. The basic scheme of 
polysaccharide storage is remarkably uniform 
throughout the animal and vegetable kingdoms. 

Closely associated with the synthesis of 
glycogen is its enzymatic breakdown. In the 
gastrointestinal tract the breakdown of poly- 


as glucose-1-phosphate. This product, by reversal 
of the phosphoglucomutase reaction (reaction 
27), yields glucose-6-phosphate; the glucose 
residue of glycogen thereby is reintroduced into 
the main stream of glucose metabolism. _ 

The attack by inorganic phosphate and phos- 
phorylase upon glycogen begins at the un- 
branched, non-reducing ends of the glycogen 
molecule. (Fig. 1.) When a branch point is 
approached and a glucose residue in a-1,6’ link- 
age is exposed the action of phosphorylase 
ceases. This product, refractory to further attack 
by phosphorylase, is termed a phosphorylase 
limit dextrin. It can be converted into a 
phosphorylase-sensitive polysaccharide once 
again by the removal of the exposed glucose 
residues in a-1,6’ linkage and this is effected 
hydrolytically by an enzyme present in both 
liver and muscle, amylo-1,6-glucosidase, the 
“debranching”? enzyme. Just as glycogenesis 
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from glucose-1-phosphate is a result of the 
combined action of phosphorylase + branching 
enzyme, so glycogenolysis is a consequence of the 
combined action of phosphorylase + debranch- 
ing enzyme. Kinetic studies of glycogen turnover 
in the intact animal have revealed that all these 
processes are continuously operating in liver 
and in muscle. Glycogen molecules are gaining 
peripherally situated glucose residues (phos- 
phorylase reaction) and at the same time new 
branch points are being established (branching 
enzyme). Since these processes occur even 
though the nutritional state and the glycogen 
content of the tissues are sensibly constant, the 
steps of glycogen breakdown must be pictured 
as accompanying those of glycogen synthesis. 

A few generalizations about glycogen reserves 
are appropriate. In terms of weight, and more 
strikingly in terms of calories, the glycogen 
reserves of the mammal are small compared with 
the reserves of depot fat. The glycogen reserves 
of the liver are readily depleted by various 
procedures, including fasting, thyroid intoxica- 
tion, hypoxia, etc. The glycogen stores of the 
muscle, although not exhausted by fasting, can 
be effectively eliminated by convulsions. Epi- 
nephrine administration is followed, possibly 
as a consequence of phosphorylase activation, by 
an initial depletion of glycogen. This is most 
obvious in the liver but in the previously fasted 
animal is also apparent in the muscle. Rapid 
breakdown of glycogen in liver may be ac- 
companied by a rise in blood glucose due to 
the presence, in this organ, of a_ specific 
glucose-6-phosphatase: 


H O.H 
H INORGANIC 
OH H PHOSPHATE 
29) HO OH H 
H OH 
GLUCOSE -6- GLUCOSE 
PHOSPHATE 


This enzyme is lacking in muscle, hence the only 
free glucose which arises when muscle glycogen 
breaks down is that liberated by amylo-1,6- 
glucosidase. Most of the biologic derivatives of 
muscle glycogen must by glycolyzed to pyruvic 
or lactic acids before they enter the blood stream. 

Abnormally large accumulations of glycogen 


may be induced experimentally or may occur - 


pathologically. In death due to insulin shock, 
enormous quantities of glycogen, especially in 
muscle, may be found, particularly if convulsions 


Jury, 1955 


are avoided. Glycogen storage disease has 
been analyzed by Cori and in most cases its 
pathogenesis can he attributed to lack of glucose- 
6-phosphatase in liver or to abnormalities in 
branching pattern of the polysaccharide. 

Other Polysaccharides of Biologic Importance. 
Dextrans, which are polyglucosides wherein the 
a-1,6’ linkage is the dominant one, have recently 
assumed practical importance in view of their 
use as plasma volume expanders. These poly- 
saccharides are formed from sucrose by certain 


- microorganisms including Leuconostoc dex- 


tranicum. The reaction involves transglucosida- 
tion by an enzyme called dextransucrase: 


n Glucosylfructoside — (Glucosyl), + n fructose 
(Sucrose) (Dextran) (30) 


A host of polysaccharides are known which, 
in contrast to glycogen, starch, cellulose, dex- 
tran, etc., yield more than one sugar product 
upon total hydrolysis. These are called hetero- 
polysaccharides. Polysaccharides which are 
comprised of roughly equimolar amounts of 
glucuronic acid and either acetylglucosamine or 
acetylgalactosamine occur in connective tissues. 
Thus hyaluronic acid contains a_ repeating 
disaccharide unit of glucuronyl-acetylglucosa- 
mine in which the bonds are of the £-1,3’ 
variety. Heparin apparently has a similar 
structure with the additional feature of sulfuric 
acid residues attached along the chain. Chon- 
droitin sulfate, the characteristic polysaccharide 
of cartilage, is composed of glucuronic acid, 
acetylgalactosamine and sulfuric acid. 

The blood group substances as well as the 
specific soluble sugars of many bacteria belong 
to the class of heteropolysaccharides. Many of 
these have very complex structures and a variety 
of monosaccharides have been recovered from 
the products of their hydrolyses. 


SUMMARY 


Any attempt to separate the metabolism of 
carbohydrates from that of fats or of amino acids 
is at best arbitrary. Many metabolic pathways 
are now known to be shared in common between 
various groups of tissue constituents, many 
intermediates may be derived from non-carbo- 
hydrate as well as carbohydrate precursors. 

In the composition of the present report the 
authors have limited the subject matter to the 
metabolic reactions of those compounds which 
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the organic chemist would call ‘“‘sugars.’? On 
this basis, and also on the basis that it is as much 
a part of fatty acid or amino acid metabolism 
as of carbohydrate metabolism, discussion of the 
tricarboxylic acid cycle has not been included. 
An attempt has been made to review the current 
state of our knowledge of the origins of the com- 
mon sugars, their catabolic fates, their metabolic 
transformations and the devices employed in 
their biologic storage. 
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HESE are stenotyped reports of Combined Staff Clinics of the College of Physicians and 
Surgeons, Columbia University, and the Presbyterian Hospital, New York. The 
clinics, designed to integrate basic mechanisms of disease with problems of diagnosis and 
treatment, are conducted under the auspices of the Department of Medicine. The reports 


are edited by Dr. Gilbert H. Mudge. 


Dr. JoHN V. TAGGART: At a time when major 
areas of the world face a chronically inadequate 
food supply it is highly significant that one of our 
leading nutritionists, Dr. F. J. Stare, can state 
that ‘‘an excessive caloric intake is the single, 
most extensive nutritional problem affecting 
public health in this country.” If moderate 
obesity is defined as a 20 per cent excess of 
weight over the so-called ideal, it can be esti- 
mated that 15 million people in this country are 
so affected. However, to classify obesity strictly 
in terms of a comparison with some hypothetic 
ideal is undoubtedly misleading in many 
instances. From a medical standpoint we might 
better consider it as that degree of corpulence 
which interferes seriously with an individual’s 
well-being or efficiency. 

What are the ways in which obesity threatens 
the individual’s well-being? Insurance statistics 
appear to provide tangible evidence in this 
matter. These have been summarized succinctly 
in the often repeated phrase of Louis Dublin 
that, ‘“The penalty of overweight is a one-quarter 
to three-quarters increase in mortality.’ For 
example, in a group of persons between forty-five 


nd fifty years of age mortality rates increase 


about 1 per cent for each pound excess weight. 
But mortality statistics alone cannot give us an 
adequate picture of the penalties of overweight. 
We know, in addition, that the obese person 
is more susceptible to diabetes, cardiovascular 
disease and cholelithiasis, that he is accident- 
prone and that he carries an increased risk when 
subjected to surgery. Perhaps even more impor- 
tant is the fact that excessive weight imposes 
a burden on day to day labor, often to the 
extent that work itself becomes a trial. Finally, 


and perhaps most serious of all, the obese - 


individual, though he may realize no physical 
discomfort, may suffer most in his personal 
relationships. 


JuLty, 1955 


Much of this Clinic will be devoted to a con- 
sideration of the etiologic and physiologic aspects 
of obesity. Let me state that we have implicit 
faith in the validity of the first law of thermo- 
dynamics. Many novel ways of evading this 
law have been proposed in the past but we 
must regard them as emotional and groundless. 
It follows, therefore, that any accumulation of 
tissue, adipose or otherwise, represents a positive 
caloric balance. The problem of obesity is 
largely one of balance between appetite and 
energy expenditure. That this balance is 
maintained normally by one of the most 
delicately poised homeostatic mechanisms merits 
emphasis. The majority of individuals can 
maintain a fairly constant weight over a period 
of months or years without making any con- 
scious adjustment of their food intake to match a 
widely fluctuating energy expenditure. Why 
then are some individuals able to stabilize at 
an acceptable weight while others fail to do so? 

First, we know that attitudes toward food vary 
tremendously and that these attitudes stem in 
part from geographic, ethnic and economic con- 
siderations. For the individual who comes from 
an area where food is in short supply, food 
becomes of tremendous importance. We know 
also that there are definite familial patterns 
of eating. The habits of eating established 
during childhood are perhaps among the most 
potent and lasting influences affecting our daily 
activities. Secondly, it should be noted that 
psychologic factors may be of paramount impor- 
tance in some cases of obesity. This, too, has been 
aptly summarized by the late Cyril Connolly 
who said, ‘“‘Obesity is a state of mind, a disease 
brought on by boredom and disappointment.”’ 
While we do not wish to minimize the impor- 
tance of psychologic factors in the etiology of 
obesity, this aspect of the problem will not be 
our major concern today. It is our hope that a 
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review of the dynamics of body weight may lead 
to a better understanding of the mechanisms 
which underlie the adjustments of appetite to 
metabolic needs. Our first speaker, Dr. Theo- 
dore B. Van Itallie of St. Luke’s Hospital, has 
kindly consented to summarize for us the many 
important experimental contributions which 
have been made in this field during recent years. 

Dr. THEopoRE B. VAN ITALLIE: For many 
years a large proportion of physicians and nutri- 
tionists has held that obesity is a simple matter of 
overeating. Like all tautologies, this thesis is 


logically incontestable. Yet, it evades the 
essential question: Why do _ obese _ persons 
overeat? 


A decade ago, when Newburgh! reviewed the 
subject of human obesity from the physiologic 
standpoint, he concluded that, although many 
painstaking investigations had been made, no 
abnormal metabolic process had been disclosed 
to account for the accumulation of excess fat in 
obesity. Similarly, Conn’ concluded that the 
mechanisms for dissipating energy from the obese 
body usually show no abnormality and that 
obesity must therefore result from an excessive 
desire for food. 

The judgments of Newburgh, Conn and others 
that obesity in man is unaccompanied by 
metabolic abnormalities have tended to dis- 
courage clinical investigation into the etiology 
of obesity at the physiologic level; however, there 
have been advances in our knowledge of 
intermediary metabolism and in _ physiology 
and psychology which have thrown further 
light on the problem of obesity. As a result of the 
work of many investigators in these fields it is 
possible to set up a tentative scheme in which 
the various factors concerned with the regula- 
tion of food intake and fat storage may be 
integrated. By means of such a model it is 
possible to indicate some of the sites at which 
disorders of this “‘regulatory system’? might be 
expected to occur. 

A precise definition of obesity always must be 
arbitrary; however, Keys and Brozek*~‘ have 
properly emphasized that obesity in man is not 
necessarily determined by the simple measure- 
ment of body weight but is best demonstrated 
by a consideration of body composition. Nor is 
it completely accurate to say that all forms of 
obesity represent only an imbalance between 
energy intake and energy expenditure. This 
is usually the case but there are exceptions in 
which the body retains abnormal quantities 


of fat even after prolonged undernutrition.5 
Moreover, as Conn? has pointed out, endocrine 
influences may affect distribution of body fat 
without appreciably altering its total content. 
Etiologically, there seem to be two general 
categories of obesity: those which are due pri- 


TABLE I 
TENTATIVE GROUPING OF FORMS OF OBESITY ACCORDING 
TO MECHANISM 
I. Regulatory obesity (No primary metabolic ab- 
normality) 
A. Psychologic 
1. Neurotic overeating 
2. Non-neurotic overeating (cultural die- 
tary pattern) 
B. Physiologic 
1. Increased intake—hypothalamic disorder 
2. Decreased output—forced immobiliza- 
tion 
II. Metabolic obesity 
A. Enzymatic—? genetic obesity in mice 
B. Hormonal—hyperadrenocorticism 
C. Neurologic—? lipodystrophy (autonomic) 


marily to energy imbalance, whether due to 
excessive intake or decreased expenditure, and 
those which are due primarily to abnormalities 
in intermediary metabolism. Such abnormalities 
may involve either excessive fat synthesis or 
impaired fat degradation. In one instance there 
is an excess of substrate without an accompany- 
ing metabolic disorder; in the other, there is an 
abnormality in the way substrates are handled 
by cells leading, in turn, to an increased energy 
intake. 

For obesities which result primarily from 
disorders of energy balance without evidence of 
metabolic abnormality, the general term regu- 
latory obesity might be employed. For obesities 
which represent primarily disorders affecting 
fat turnover, the term metabolic obesity seems 
appropriate. (Table 1.) 

Regulation of Energy Intake. As a background 
for discussion of the various forms of obesity 
some sort of physiologic framework is indispensa- 
ble. Although there is still a great deal to be 
learned about the mechanism of food intake 
regulation, it is known that there are two impor- 
tant centers concerned with hunger and satiety 
in the ventral hypothalamus. Each of these 
centers is bilaterally symmetrical, and electro- 
lytic lesions of the more medial pair (in the 
ventromedial nuclei) result in hyperphagia, 
impaired satiety and obesity. Appropriate 
lesions lateral to the ventromedial nuclei are 
followed by complete cessation of feeding. 
Animals with such lesions will not consume food 
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even if it is placed in their mouths.’ Thus there 
appears to be a feeding center and a regulatory 
center. When the regulatory center is injured, 
feeding becomes uncontrolled; when the feeding 
center is damaged, feeding stops or is impaired. 
Whether the hyperphagia which follows destruc- 
tion of the ventromedial nuclei results directly 
from interruption of some direct neural con- 
nection between the two centers or indirectly as 
a result of metabolic changes secondary to 
such destruction is not yet clear. There are 
autonomic and metabolic changes associated 
with destruction of the ventromedial nuclei 
which of themselves could lead to increased food 
intake. *~? 

In a recent review Brobeck!® has discussed 
three theories which attempt to explain the 
regulation of food intake. One theory proposes 
that animals eat for calories and that some 
mechanism exists for signaling the intake of a 
certain amount of potential energy. For example, 
Adolph!'! has stated that, ‘‘Food acceptance and 
the urge to eat in rats are found to have rela- 
tively little to do with a ‘local condition of the 
gastrointestinal canal,’ little to do with the 
‘organs of taste’ and very much to do with 
quantitative deficiencies of currently metab- 
olized materials.’’ How the animal can measure 
potential energy is not known and, as Brobeck 
points out, no change in composition of body 
fluids or in pattern of intermediary metabolism 
directly proportional to energy intake has been 
identified. A recent study by Strominger, 
Brobeck and Cort!? appears to exclude the 
caloric content as the intrinsic food factor 
producing the change in an animal which 
signals satiety. 

A second possible mechanism is one proposed 
by Brobeck himself. His explanation is based on 
the fact that in the assimilation of food animals 
exhibit a rise in total heat production. This 
phenomenon has been termed by Rubner the 
specific dynamic action (S.D.A.). Brobeck has 
suggested that as extra heat is released from 
food it alters the conditions of regulation of body 
temperature and the animal stops eating to 
prevent hyperthermia. Thus, according to 
Brobeck, animals “‘eat to keep warm.”’ 

In support of Brobeck’s hypothesis is the find- 
ing of Booth and Strang!* that the rise in skin 


temperature after eating has the same course in- 


time as that of the S.D.A. and correlates well 
with the onset of satiety. Moreover, when the 
composition of the diet is changed to alter the 
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concentration of protein, carbohydrate, fat, or 
the total bulk, rats will adjust their intake so that 
the calculated S.D.A. varies less than any other 
known factor of the diet.'* And, of course, it is 
well known that the hypothalamus contains 
temperature-sensitive cells. 

The ‘thermostatic’ theory described by 
Brobeck has several questionable features. For 
example, the mechanisms ordinarily employed 
by the body to dispose of extra heat and to 
maintain temperature are so effective that it 
seems superfluous to invoke hunger and satiety 
as additional thermoregulatory devices. There 
is no evidence to suggest that hot food per se 
has a greater satiety value than the same amount 
of food served cold, or that a hot bath destroys 
one’s appetite. It is evident that energy is 
needed for the performance of work as well as for 
the maintenance of body temperature. Hence 
the concept of ‘eating to keep warm” appears to 
neglect the fact that any theory of food intake 
must account for the conditioning effect of 
changing energy requirements upon energy 
intake. No relationship has been identified 
between 8.D.A. and energy requirements. 

A third theory of food intake listed by Brobeck 
is the ‘“‘glucostatic’’ theory of Mayer and his 
Briefly, this theory postulates 
that satiety occurs during active uptake of blood 
glucose by appropriate receptors in the central 
nervous system and that the desire for food is felt 
only when the supply of blood glucose to the 
‘“‘slucoreceptors”’ is curtailed. Thus, from the 
glucostatic view, the quantity of carbohydrate 
available in the body at any one time exerts a 
regulatory effect on food intake. 

Brobeck’s major criticism of the glucostatic 
theory has been that the existence of gluco- 
receptors in the central nervous system is 
unproved.!® Actually, there is little doubt that 
such glucoreceptors exist. Duner'® has recently 
demonstrated that there is a center in the 
hypothalamus sensitive to changes in_ local 
concentration of glucose. When the glucose 
concentration in the hypothalamic region is 
selectively elevated inhibition of epinephrine 
secretion by the adrenal medulla follows. This 
effect is mediated via the splanchnic nerves. 
A number of investigators have shown that 
lowering the blood sugar by means of insulin 
stimulates gastric peristalsis.‘? If the vagi are 
sectioned this effect is abolished. Conversely, 
raising the blood glucose level may result in 
inhibition of gastric peristalsis,?°~*' although 
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intravenous administration of amino acids does 
not appear to affect the motility of the stomach 
in fasting dogs.”” Hence it seems probable that 
there are centers in the hypothalamus responsive 
to changes in blood glucose and capable of 
initiating and inhibiting gastric contractions, 
and of influencing the rate of epinephrine 
secretion by the adrenal. 

Larsson (and Forssberg)?* recently reported 
studies on the metabolism of the hypothalamic 
region which contains centers known to be 
concerned with the regulation of food intake. 
They measured radiophosphate incorporation 
and the hydrolyzable phosphate content (crea- 
tine phosphate and energy-rich terminal groups 
of adenosine triphosphate) in three hypo- 
thalamic areas (A, B and C) of fed and fasted 
rats. Their analyses disclosed that in the area of 
the hypothalamus containing the lateral and 
ventromedial nuclei (C) significantly more P*? 
was taken up in hungry than in fed animals. ‘The 
others, control (A and B) areas, of the hypo- 
thalamus did not display such increased phos- 
phate retention during hunger and, indeed, 
showed less P*? uptake in the fasted than in the 
fed state. The livers of hungry rats were dis- 
tinguished by an increased uptake of radio- 
phosphate; however, blood, muscle and 
cerebrum as a whole showed no significant 
differences in phosphate incorporation when 
the fasting and fed states were compared from 
this standpoint. The concentration of energy- 
rich phosphate was markedly higher in the 
C-samples than in the control hypothalamic 
areas of hungry rats. The opposite was found in 
fed rats. 

These findings are consistent with the view'® 
that the hypothalamic areas concerned with 
food intake may be more characteristic of 
peripheral cells in their metabolic properties 
than they are of brain tissue. For example, if 
they behaved like nervous tissue in their uptake of 
glucose they would be unable to signal impend- 
ing depletion of available carbohydrate since 
nervous tissue uses carbohydrate at a more 
or less constant rate regardless of whether the 
organism is starved or fed. 

Peripheral arteriovenous glucose differences 
appear to serve as better indexes of the availabil- 
ity of blood glucose to body tissues than either 
arterial or venous levels alone.'® Large arterio- 
venous glucose differences, properly interpreted, 
correlate well with satiety; however, further 
confirmatory studies are needed before it can be 
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stated with assurance that such an association 
has etiologic significance. A correlation also has 
been described between small arteriovenous 
glucose differences and desire for food. (Fig. 1.)?! 

The hypothalamus is connected by neural 
pathways to the cerebral cortex; there are also 
me fibers which travel from the hypo- 
thalamus to the gastrointestinal tract. A connec- 
tion exists between the hypothalamus and the fat 
depots: the sympathetic nerves, which innervate 
adipose tissue, link with neurons originating in 
the hypothalamus.”> If the hypothalamus is 
visualized as subject to influences from the 
cerebral cortex as well as from the circulating 
blood and sensory nerves from the periphery, 
the importance of so-called psychosomatic fac- 
tors in the scheme of food intake regulation 
becomes intelligible. Stunkard?® has shown that 
talk about food with patients cannot elicit 
gastric hunger contractions if active utilization of 
carbohydrate (as inferred from _ peripheral 
arteriovenous glucose differences) is taking 
place. Gastric hunger contractions can be 
elicited if peripheral arteriovenous glucose 
differences are small. On the other hand, certain 
emotionally disturbed patients, notably schizo- 
phrenics, will deny that they are hungry even 
when powerful gastric contractions are being 
recorded on the kymograph. Thus it would 
appear that physiologic and psychologic factors 
relating to food intake may interact at the 
diencephalic level, each exerting a modifying 
influence on the other. 

Energy Expenditure. Energy balance is a mat- 
ter of energy expenditure as well as of energy 
intake. Hence it is appropriate to mention briefly 
the role of activity in the genesis or prevention of 
obesity. Mayer?’ has shown that there is an 
enormous difference in spontaneous activity 
between hereditarily obese mice and non-obese 
control groups. ‘he obese animals are practically 
inactive. However, this inactivity is not the 
result of extreme obesity but precedes it, as is 
shown by comparison of activity rates of non- 
obese animals and young pre-obese mice of the 
same weight. 

Thus it is possible to ascribe to this decrease in 
activity a role in etiology of the obesity which 
develops somewhat later. Indeed, from a 
thermodynamic standpoint the rate of fat 
accumulation of mature hereditarily obese mice 
is inexplicable unless the role of activity is taken 
into account. When hereditarily obese mice 
carry the “waltzing”? gene and are in constant 


AMERICAN JOURNAL OF MEDICINE 


| 


Obesity 115 


rotary movement in their cages, they rarely 
gain excessive weight. 

It has always been assumed that in normal 
animals food intake bears a constant relation- 
ship to activity. Although this is true within the 
normal ‘‘physiologic’’ limits of activity, there 
are situations in which activity is so great that 
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food intake lags behind and the subject con- 
cerned loses weight. A recent study has shown 
that, conversely, when activity is quite low, 
food intake tends to level off and will remain 
constant even while activity progressively de- 
creases.?° The result in this instance, of course, 
is weight gain. (Fig. 2.) 
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Fic. 1. Failure of intravenously administered glucose to abolish gastric hunger 
contractions in a patient with uncontrolled diabetes mellitus (Stunkard and 


Wolff?!). 
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Fic. 2. Food intake and body weight as functions of duration of exercise in normal 


adult rats (Mayer et al.?°). 
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These observations suggest that in man an 
increasingly sedentary existence may not be 
accompanied by a proportionate decrease in 
food intake. It is possible that the slowly 
progressing mild obesity of middle age may be 
explained on this basis. 

Factors Influencing Fat Synthesis and Degradation. 
Metabolic obesity is considered to be primarily 
determined by the rate at which fat is formed or 
broken down. Of course, since injury to certain 
‘regulatory’ hypothalamic centers may affect 
metabolism, it is difficult to classify that form of 
experimental obesity in which injury to the 
hypothalamus is followed by a mixture of 
regulatory and metabolic abnormalities. *~® 

Fat deposition and mobilization are under 
three forms of control acting synergistically, 
namely, enzymatic, hormonal and nervous. (It 
is worth being reminded that hormones do not 
initiate events within cells but merely regulate 
the rate at which some of the events occur. ) 

A major factor favoring fat mobilization and 
oxidation is lack of insulin. In diabetes mellitus 
and in the “diabetes”? of carbohydrate starva- 
tion lipogenesis is greatly decreased and lipolysis 
is greatly accelerated. In order for glycolysis 
to continue, glucose must be able to enter cells. 
This it apparently cannot do readily without an 
effective supply of insulin. Moreover, the process 
of lipogenesis from 2-carbon fragments appears 
to depend upon glycolysis in that the energy 
needed for lipogenesis must be derived from the 
glycolytic process.** 

Both in tissue slices and in intact animals it 
has been shown that the oxidation of longer 
chain fatty acids is strikingly influenced by 
carbohydrate. Geyer*®’ has shown that fasting 
accelerates the oxidation of palmitic acid by rat 
liver slices. Pyruvate added to the medium 
decreases significantly the palmitate oxidation 
by such slices. In the intact rat oxidation of 
palmitic acid and tripalmitin is increased by 
prior fasting of the animal and decreased by 
prior glucose administration. *! 

Cellular carbohydrate deficiency also is 
associated with increased secretion of hormonal 
factors which are believed to stimulate fat 
mobilization. A pituitary substance may act to 
increase the rate of lipolysis; how this is accom- 
plished is not clear.*? The adrenal cortex also 
influences fat mobilization, apparently by play- 
ing a “permissive” role.** It has also been 
reported that epinephrine secretion and the 


integrity of the sympathetic nervous system are 
needed for effective mobilization of fat stores. *4~*5 

When an adequate supply of insulin is avail- 
able to the organism, lipogenesis is not inhibited 
and may increase if an “‘excess’’ of glucose is 
transferred into cells. Adipose tissue itself can 
synthesize fat. Shapiro and associates** have 
reported that adipose tissue zn vitro will take up 
fatty acids from serum. Hausberger et al.*’ have 
compared the relative abilities of liver and of 
adipose tissue to form fat by measuring rates of 
conversion of radioactive glucose to fatty acids 
and carbon dioxide by both tissues. ‘They demon- 
strated in normal animals that radioactive 
glucose is utilized for lipogenesis and is oxidized 
by liver and adipose tissue. By contrast, liver 
and adipose tissue of alloxan-diabetic rats are 
incapable of converting glucose carbon into 
fatty acids. Of particular interest is their finding 
that insulin administration in vivo restored 
hepatic and adipose tissue lipogenesis to normal 
levels and that continuation of insulin treatment 
promoted high levels of lipogenesis in both tis- 
sues. Administration of insulin to the alloxan- 
diabetic rats not only accelerated glucose 
metabolism to carbon dioxide and fat but also 
altered the channeling of energy so that much 
more fat was produced. 

When we speak of adipose tissue as being more 
or less metabolically inert it is because we do not 
take into account the large mass of triglyceride 
usually stored in the depots. If the large differ- 
ence between lipid and protein content in liver 
and adipose tissue is taken into account it can 
be demonstrated that adipose tissue is far more 
active than liver both in oxidizing glucose and in 
converting glucose to fat.*7 An excess of insulin 
has a more marked effect on lipogenesis in 
both tissues than glucose oxidation. 
Incidentally, the fact that more triglyceride is 
stored in the body in obesity does not mean 
that there is a larger amount of active adipose 
tissue. Hence the ability of the obese person to 
convert carbohydrate to fat should not be 
enhanced just because the quantity of fat stored 
in the adipose tissue is great. 

According to Levin and Farber** adrenal- 
ectomy will greatly inhibit or prevent the fat 
mobilization which otherwise follows fasting, 
anterior pituitary extract administration or 
exposure to the appropriate stress. (Adrenal- 
ectomy also inhibits fat deposition.) If mice 
subjected to adrenalectomy are _ pre-treated 
with cortisone they can again mobilize their fat 
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in response to such trigger factors as APE, 
growth hormones and stress. 

Hausberger** has shown that when the nerve 
connections supplying the symmetric _inter- 
scapular fat body of the mouse are cut on one 
side only, an influx of glycogen and, in its wake, 
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in fat metabolism and an associated disorder of 
energy balance. This postulated relationship is 
indicated in Figure 3. 

Ordinarily carbohydrate and fat both serve 
as fuels for energy expenditure in a proportion 
presumably determined by the amount of 
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Fic. 3. Postulated relationship between energy requirements, cellular carbo- 


hydrate supply and food intake. 


an accumulation of fat can be observed within 
ten hours after denervation. The fat content of 
the denervated side exceeds that of the control 
side in the normally fed as well as in the starved 
mouse. The denervated side can be depleted 
‘of fat only after long periods of hunger. As 
Wertheimer and Shapiro*® point out in their 
excellent review, normal innervation seems a 
requisite for the attainment of a dynamic 
equilibrium in fat tissue. 

It appears, then, that the factors which favor 
lipogenesis are usually those which also favor 
entry of glucose into cells. Presumably, insulin 
acts to increase lipogenesis by accelerating 
transfer of glucose into cells and not by an effect 
within the cell. By contrast, factors which act 
to exclude glucose from cells favor increasing 
fat mobilization and oxidation. 

Relation of Abnormalities in Fat Metabolism to 
Regulation of Energy Balance. In order to relate 
abnormalities in synthesis and metabolism of 
fat to an over-all imbalance of energy intake and 
energy expenditure, a mechanism capable of 
mediating between energy expenditure and 
food intake must be considered. Although such a 
regulator has not been delineated in a quantita- 
tive sense it appears that the concept of a ‘‘gluco- 
Static’ mechanism permits the gap to be 
bridged between an apparently primary disorder 
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carbohydrate available to peripheral cells. 
When, for example, the blood sugar falls to 
fasting levels or below, homeostatic mechanisms 
come into play which cut down drastically on the 
rate of peripheral glucose utilization, stimulate 
gluconeogenesis from protein, decrease lipo- 
genesis and stimulate fat mobilization from 
the depots. Under such circumstances increasing 
amounts of fat are metabolized. 

According to the glucostatic theory desire for 
food is also a part of the complex homeostatic 
activity designed to protect the organism, nota- 
bly the central nervous system, against carbo- 
hydrate privation. In theory, if available 
carbohydrate were shunted too rapidly to fat or 
if the fat depots were unable to contribute their 
share of energy to metabolism, carbohydrate 
would be depleted at an abnormally rapid rate 
and food intake and fat stores would increase. 
In diabetic-like states food intake is frequently 
increased but, since lipogenesis is impaired 
under such circumstances, fat is lost rather than 
gained. Naturally, when energy requirements 
are increased, as in exercise or hyperthyroidism, 
spontaneous food intake usually increases pro- 
portionately. However, in such instances lipo- 
genesis is curtailed somewhat and fat is readily 


utilized. 
Adolph,'! writing of the mechanism which 
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governs the urge to eat, states that “‘the investi- 
gator gains the feeling that some complex of 
internal compositions intermittently drives the 
animal to eat so that some resultant concentra- 
tion is kept just above or below a threshold 
value.’ The supply of carbohydrate within the 
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hyperthyroidism and treatment with cortico- 
tropin and cortisone.® Finally, since maintenance 
of a certain minimal glucose level is absolutely 
indispensable to life, the body would be expected 
to ensure regular replenishment of its supply of 


carbohydrate from outside sources. 


TABLE II 
“CLINICAL”? COMPARISON OF THREE FORMS OF EXPERIMENTAL OBESITY 
Hereditary Obesity- Gold-Thioglucose-Induced Hypothalamic Obesity 
Variety of Obesity Diabetes Syndrome (mouse) Obesity (mouse) (rat) 
Origin Recessive mendelian entity | Injection of LDs5 of gold Electrolytic lesions of 
thioglucose ventromedial nuclei 
Adjustment to dietary Relatively normal Abnormal Abnormal 
dilution 
Spontaneous activity Markedly diminished Normal ?Normal 
Oxygen consumption In proportion to lean body | Follows surface law Normal 
mass, not body surface (splanchnomegaly occurs 
with obesity) 
Resistance to cold Poor Normal Normal 
Response to insulin Insulin resistant Normal Sometimes insulin sensitive 
Response to growth Marked hyperglycemia in | Normal Normal 
hormone response to growth 
hormone injection 
Blood glucose level Hyperglycemic after 8th Normal Lower than in controls 
(non-fasted) week 
Endocrine anatomy Increase in number and size | Normal Gonadal atrophy, renal 
of pancreatic islets lesions 
Response to high fat diet Loses weight Obesity accelerated Obesity accelerated 


cell seems to correspond well to Adolph’s 
postulated ‘“‘complex of internal compositions.”’ 
The supply of cellular carbohydrate depends 
upon the availability of blood glucose, and 
blood glucose is readily available to non- 
nervous cells only during periods of relative 
hyperglycemia. Such intervals of hyperglycemia, 
in turn, ordinarily occur only after meals. A 
relationship between the rate carbohydrate is 
utilized and the energy requirements of the body 
has not been worked out. However, the rate of 
carbohydrate utilization seems to correspond 
better to the rate of energy expenditure than 
does the degree of S.D.A. obtained after a meal. 
Such a glucostatic theory explains better than 
the thermostatic theory the hyperphagia asso- 
ciated with uncontrolled diabetes mellitus, 


If the normal relationship between energy 
requirements and cellular carbohydrate supply 
were disturbed by an appropriate metabolic 
disorder, it should be possible according to the 
glucostatic hypothesis, to predict that obesity 
will occur. A consideration of certain recent 
metabolic studies made on obese animals may 
serve to illustrate the prediction value of this 
hypothesis. 

Experimental Obesity. ‘Three forms of experi- 
mental obesity have been carefully studied, 
hypothalamic obesity,® gold thioglucose obes- 
ity*®-41 and the hereditary obesity-hypergly- 
cemia syndrome in mice.‘?~** These forms of 
experimental obesity cannot be discussed in 


-detail in this presentation but certain of their 


clinical characteristics are compared in Table 11. 
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It is of particular interest, however, to deter- 
mine whether or not these forms of obesity 
can be understood in terms of some disordered 
mechanism or mechanisms. One of the first 
questions that might be asked about these 
three forms of obesity is whether they differ 
in terms of body composition. Bates and co- 
workers** have shown that the iodine and 
saponification numbers of the _ triglycerides 
synthesized by the three groups of animals are 
similar to those of their non-obese controls. The 
total cholesterol content of the hereditarily 
obese animals is higher than it is in their controls. 
All of the obese animals display an increase in 
liver weight and, of course, in total fat content. 

When incorporation of labeled acetate into 
fatty acids is determined in the three forms of 
experimental obesity the metabolic differences 
between them are more clearly defined.*® For 
example, hereditarily obese mice with slight 
caloric deficit retain much more dietary acetate 
as carcass fatty acids than do their sibling 
controls. When hypothalamic hyperphagic rats 
and genetically obese mice are fed one-half the 
number of calories previously found necessary 
to maintain caloric equilibrium, they retain 
significantly more C!4 from dietary radioacetate 
in carcass fat than do their controls. Gold thio- 
glucose obese mice in negative caloric balance 
retain the same amount of C!* from labeled 
acetate as do their controls. Since the specific 
activity in the fat of the obese animals is the 
same as that in their controls, the increased 
retention of the label observed in the hyper- 
phagic rats and genetically obese mice cannot be 
regarded as a dilution phenomenon. 

The fact that there is a relatively increased 


_ retention of C!* from radioacetate during nega- 


tive caloric balance in the hypothalamic rat 
suggests that the operation has produced a 
profound alteration in the metabolic pattern. 
It is also of unusual interest that the genetically 
obese mice continue to synthesize fat at an 
appreciable rate even during caloric restriction, 
a circumstance associated with drastic diminu- 
tion of lipogenesis from acetate in normal ani- 
mals. Such findings are consistent with the 
observations of Alonso and Maren? that geneti- 
cally obese mice underfed for six months, so that 
their body weight was 30 per cent less than that 


of their non-obese siblings, still contained several - 


times as much fat as their controls. 
Bates, Mayer and Nauss*® also have studied 
fatty acid turnover in the three forms of obesity 
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under consideration. Radioactive carboxyl 
labeled palmitic acid was used as the tracer and 
the average amount of fat mobilized during 
the experimental period was calculated by 
measuring the decline in isotope content of 
carcass fat with time. If the means of the 


TABLE III 
CALCULATED ORIGIN OF INCREASED FAT CONTENT IN THREE 
FORMS OF EXPERIMENTAL OBESITY * 


O-H | G.T.G. Hypo- 
Rates Obese} Obese | thalamic 
Mice Mice Rats 


Expected rate of fat 
Accumulation per day 


13 18 1.12 
Actual rate (g)........... me, .18 1.76 
Synthesis rate 3 

(per cent of control)....} 152 100 154 
Mobilization rate 
(per cent of control)....| 56 60 5 


* Bates, Mayer and Nauss. * 


amount of fat mobilized daily are assumed to 
be fairly accurate, it is possible to calculate the 
per cent of fat gain that is due to decreased 
mobilization and that due to increased synthesis 
(Table mt). Such calculations suggest that the 
fat accumulated by the gold thioglucose-obese 
animals can be accounted for to some extent by 
decreased mobilization, while the fat accum- 
ulated by the obese-hyperglycemic mice appears 
to result about equally from decreased mobil- 
ization and increased synthesis. The hypo- 
thalamic rats show a remarkable decrease in fat 
mobilization. 

It is worth pointing out that one of the strong 
arguments against the “‘lipophilia’”’ explanation 
of obesity has been the fact that adipose tissue 
cells of obese persons do not appear to resist 
mobilization of fat during undernutrition. A 
number of nitrogen balance studies have 
indicated that obese persons utilize their own fat 
as readily as do non-obese individuals.” For 
this reason it would be premature to interpret 
human obesity in terms of the metabolic 
behavior of experimentally obese animals. 
Nevertheless, these preliminary observations on 
fat metabolism in three forms of experimental 
obesity appear to illustrate several of the postu- 
lated metabolic disorders which it was predicted 
could result in obesity. 
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To summarize, an attempt has been made to 
view obesity as an end product for which a 
number of disorders, each affecting energy 
balance in its own wav, might be responsible. A 
tentative classification of ‘‘obesities’’ in terms of 
etiologic mechanisms is proposed. Such dis- 
orders appear to fall into two broad categories, 
those affecting primarily the regulation of 
energy balance (regulatory obesity), and those 
affecting primarily the intermediary metabolism 
of foodstuffs and fat turnover, and secondarily 
energy balance (metabolic obesity). 

It is believed that the ‘“‘glucostatic’’ theory 
of food intake regulation is of considerable 
heuristic value in approaching the vast, com- 
plex problem of human and_ experimental 
obesity. Although this theory cannot be re- 
garded as established at the present time, it 
appears to account more satisfactorily than 
other contending formulations for the cyclic 
nature of hunger and satiety on the one hand 
and the conditioning effect of energy require- 
ments upon the urge to eat on the other. 

Lastly, metabolic studies on fat metabolism 
in three forms of experimental obesity have been 
described in support of the view that the etiology 
of obesity can be multiple and that the unitary 
concept of obesity in man as a simple matter of 
overeating requires critical re-examination. 

Dr. TAGGART: We should like to turn our 
attention now to certain of the basic principles 
in the clinical management of obesity. I know 
of no more challenging problem for the prac- 
titioner of medicine. Our writer, Cyril Con- 
nolly, has said that, “‘Imprisoned in every fat 
man a thin one is wildly signalling to be let out.” 
Unfortunately, when the obese patient is con- 
fronted with a suitable regimen for weight reduc- 
tion, the thin man inside too often begins to 
signal less and less frantically. I hope that 
Dr. Sidney Werner will tell us, if he can, how 
this problem can be managed least painfully. 

Dr. Sipney C. WERNER: The success of the 
long-term treatment of obesity is apt to be slight. 
Nevertheless, the results often are enough to 
encourage further efforts. Any treatment must 
follow the usual principles either of trying to 
attack the cause of the disorder or of rectifying, 
if possible, some resulting physiologic abnormal- 
ity. This discussion will not include those situa- 
tions in which an evident physiologic disorder is 
the cause of obesity, such as hyperadrenocorti- 
cism, adenoma of the pancreas and hypothalamic 
injuries. 


Some years ago Dr. Hilde Bruch, at the 
Babies Hospital in New York, became inter- 
ested in the problem of the etiology of obesity 
and was especially struck by the parental 
relationship that existed between the mother 
and the obese child which, she concluded, led 
to the child’s overeating. In short, the increase 
in appetite was based not upon a need for food 
but upon the fact that the child responded to 
emotional upset by eating. In the majority of 
obese people observed at the clinic it was be- 
lieved that this emotional origin was more often 
the cause of their overeating than was any 
physical defect. There are many pathways by 
which emotional overflow can result in an in- 
creased appetite. 

Dietary restriction, that is decreasing caloric - 
intake in relation to caloric output, has been 
the fundamental principle behind therapy for 
obesity. The work of Dr. Newburgh many years 
ago showed clearly that reduction in caloric 
intake below the body’s needs inevitably leads 
to weight loss. Unfortunately, upon the institu- 
tion of starvation (which is what such caloric 
reduction really means) there is a corresponding 
reduction in the rate of basal metabolism. 
With reduction to levels as low as — 30 per cent, 
what was originally a low calorie diet may soon 
become a maintenance one. 

It is also well to bear in mind that certain 
small individuals have basal metabolism require- 
ments which are not much greater than 1,200 or 
1,400 calories, so that 1,200 calories may be far 
from a low calorie diet. Most people like to feel 
satisfied after having eaten. A low caloric diet 
does not have a large bulk so that those placed 
on such a regimen are likely to feel disturbed 
and hungry. 

Attempts have been made to tackle the prob- 
lem of weight reduction by increasing heat loss. 
High protein diets have been used for this 
purpose on the assumption that specific dynamic 
action can be increased and hence the patient 
can be made to expend more energy. It can be 
said from personal experience with several pa- 
tients in the metabolism ward that the amount 
of weight loss produced by a 200 gm. protein 
diet is insignificant, and I do not feel that this 
regimen is a very successful one. 

The use of a high fat diet has also been recom- 
mended by Pennington. The theory was partly 
suggested to him by the work of Mayer and his 
associates, and held as its essential principle that 
fat introduced into the metabolic mixture will 
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be burned without being involved in the 
metabolism of glucose. This hypothesis is open 
to criticism since it is almost certain that excess 
of fat can cause fat deposition without the need 
of fat entering the Krebs cycle. However, the 
practical fact is that when one administers a 
high fat diet, some patients lose weight. This 
has been borne out in our experience and, of 
course, one wonders why. Have the laws of 
thermodynamics been disproved? 

If fat was burned and not utilized for anabo- 
lism, a large heat output from the body with a 
high fat diet could explain how a patient would 
fail to gain or would actually lose weight. How- 
ever, the work of Newburgh many years ago 
showed clearly that, although obese people do 
have an increased heat output, it is not out of 
proportion to their increased body mass. Thus 
there is no evidence that obese people eliminate 
excess heat indicating excessive catabolism of 
fat. 

In order to pursue further the question of 
why some people lose on a high fat diet con- 
taining as much as 2,800 calories, patients were 
admitted to the metabolism ward for study. 
I will show the results and some of the difficul- 
ties in such a study. 

The first patient showed an abrupt loss in 
weight when placed on the diet originated by 
Dr. Pennington. He then lost less weight on 
an isocaloric high carbohydrate diet and had 
another drop in weight on a second trial of the 
Pennington regimen. Unfortunately, however, 
this patient developed diarrhea on the high 
fat diet. 

The second patient maintained weight with 
the high fat diet, then increased her weight on 
the standard diet. However, it is well known 
that in the shift from a high fat to a high carbo- 
hydrate diet there is retention of salt and water. 
Thus it became evident that fluid, sodium and 
potassium balances had to be determined in 
order to give meaning to the experiment. 

This was done with a third patient who 
showed a slight decline in weight under the 
influence of the Pennington regimen. There 
was sufficient shift in her sodium and. water 
balance to make it seem likely that that was 
all that was happening. 

Similarly, a fourth patient developed slight 
weight loss on the high fat regimen, accounted 
for largely as loss of salt and water. I should 
mention that the last two patients, who had 
been amenorrheic for at least six months or a 
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year, started menstruating two days after the 
baseline diet period was completed and the 
Pennington diet begun. As you know, salt and 
water are retained just before menstruation and 
are subsequently lost. 

The last two patients show clearly what 
happens with a 2,800 calorie high fat, low 
carbohydrate diet and with a diet of isocaloric 
content high in carbohydrate and low in fat. 
In these two men there was virtually no differ- 
ence in the loss of weight between the two diets. 

To discuss a different type of approach, the 
use of a low salt diet in dietotherapy has been 
recommended. Essentially, I think, its value lies 
only in decreasing the palatability of the diet. 

Still another approach has been the effort to 
influence appetite adversely. The analeptic 
agents, such as benzedrine® and dexedrine,” 
have been used. It is probable that these agents 
are effective but they soon lose their efficacy 
and, at a time of emotional upset, they are little 
protection against the urge to eat. 

Just as glucose given intravenously decreases 
appetite, amino acids, particularly glutamic 
acid, given intravenously have a very potent 
anorexigenic action. For that reason a series 
of products containing amino acids for oral use 
have appeared on the market. We were asked 
to appraise one of these products and set up an 
experiment in which there were three regimens: 
(1) the particular preparation with added 
amino acid; (2) a placebo; and (3) adhering 
only to the instructions accompanying the 
preparation advising the patient to limit diet, eat 
lettuce, bulky foods, and so on. It was interesting 
to see that by following the last regimen the 
patients lost somewhat more than with either 
the placebo or the amino acid preparation in 
question. 

Finally, several preparations have _ been 
introduced which are designed to dull the sense 
of taste. As Dr. Van Itallie has just pointed out, 
these are not very rewarding. 

Attempts to provide psychotherapy, when 
an emotional derangement is the cause of the 


. obesity, suffer from several handicaps. For one, 


there appears to be an age limit beyond which 
psychotherapy has little value. In fact Dr. 
Richardson at the New York Hospital made a 
careful psychoanalytic survey of several patients 
and concluded that after a certain age the 


protection provided by the obesity is so necessary 


to the individual that it is dangerous to attempt 
psychotherapy or too vigorous weight reduction. 


. 
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At any rate, intensive psychotherapy is not 
economically feasible for most people. However, 
mild psychotherapy through the patient’s 
own doctor is extremely valuable and is readily 
available. The fact that a doctor sees an obese 
patient and doesn’t look repelled or disappointed 
is often in itself psychotherapeutic. These obese 
people who are somewhat dependent often 
do better in the hands of a sympathetic 
physician than when consulting one who has 
no interest in the problem. 

There are several drugs designed to stimulate 
the basal metabolic rate which should be 
mentioned. Dinitrophenol we all know to be so 
toxic that its use can never be recommended. 
As for the use of thyroid gland preparations, 
many studies have shown that unless toxic 
doses are used the patient’s own thyroid gland 
has a remarkable capacity to decrease its func- 
tion in proportion to the amount of thyroid 
administered. Thus very little is accomplished 
except for a week or two. 

Exercise is of little avail in weight reduction 
since the human body can do considerable work 
on a small amount of food. To reduce weight 
by exercise in the way Dr. Van Itallie’s rats did 
leads ultimately, as it did in them, to exhaustion. 
Moreover, many people after exercise eat more 
than enough to make up for the calories ex- 
pended in this way. 

Massage is even more futile and there is no 
evidence that increasing local circulation in this 
way mobilizes fat depots. 

Dr. TAGGART: Thank you, Dr. Werner. That 
completes the formal part of the program. We 
have allowed time for discussion, and I am 
happy to see that we have with us this morning 
Dr. Hilde Bruch and Dr. Albert J. Stunkard. 

There was one point in therapy which was 
not mentioned and concerning which I think 
Dr. Van Itallie has some information, that is, 
the use of hydrophilic colloids. 

Dr. VAN ITALLIE: We have recently com- 
pleted a clinical study involving comparison 
of the anorexigenic effects of a hydrophilic 


colloid preparation and a preparation con- , 


taining amphetamine. Approximately sixty 
obese patients who are being observed in our 
Nutrition Clinic served as subjects. Alternate 
patients received tablets identical in appear- 
ance to be taken three times per day before 
meals. One tablet contained 200 mg. of car- 
boxymethylcellulose, the other 200 mg. of 
carboxymethylcellulose plus 10 mg. of am- 


phetamine. In all other respects the patients 
were treated in the same way. 

For the first six weeks the patients given the 
preparation containing amphetamine lost an 
average of 0.77 lb./week. For the entire thirty- 
week period of study the same group (which 
diminished in number as well as in weight as 
time passed) lost an average of 0.55 lb. /week. 
The patients on colloid alone lost an average of 
0.15 lb./week for the first six weeks. For the 
entire thirty weeks their weight loss averaged 
0.10 lb./week. The differences between the 
means of the two groups were statistically sig- 
nificant. Moreover, when another group of 
patients was switched from the colloid to the 
tablet containing amphetamine without their 
knowledge a statistically significant increase in 
weight loss followed. Another control series of 
thirty-five patients who had been seen in the 
clinic on another occasion and who had re- 
ceived no medication lost slightly less weight 
on the average than the group treated with 
amphetamine (0.43 lb./week over a thirty-six 
week period). 

These results indicate that the colloid prepa- 
ration in the quantities prescribed was of no 
value and may have interfered with the reducing 
regimen by providing the patient with some- 
thing he thought was a crutch. By contrast the 
amphetamine seemed to have a definite anorexi- 
genic effect, particularly during the first six 
weeks of therapy. However, the results obtained 
in the second control group receiving no medi- 
cation at all suggest that amphetamine is of 
limited value in the management of obesity. It 
is no substitute for sympathetic supervision by 
the physician but it may be temporarily helpful 
if used in conjunction with such supervision. 

Mr. Frep Katz: Why does basal metabolism 
go down during fasting? 

Dr. WERNER: That is an interesting question. 
Efforts to study thyroid function under condi- 
tions of starvation suggest that the thyroid 
remains more or less intact. However, it is quite 
interesting that corticosterone in thyroidecto- 
mized patients will increase the metabolic rate 
quite sharply. There is a recent paper about a 
growth hormone describing a _ non-specific 
increase in the metabolic rate not mediated 
through the thyroid. If one developed an 
adaptation to starvation through the adrenal or 
the pituitary, one could quite readily have an 
extrathyroid decrease in metabolic rate. 

Mr. Byron Haron: Is there any evidence 
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that thyroid substance could overcome the 
effect of that decreased rate? 

Dr. WERNER: Well, not so far. 

Mr. PETER ROWLEy: Querido claimed that 
in two groups of rats on isocaloric diets, one 
group getting all their food at one time and 
the other having it spread throughout the day, 
different rates of fat accumulation resulted. 
The group receiving the single massive meal 
showed a definite gain of weight over those 
who received the food over the course of the 
day. Is that true? 

Dr. WERNER: That is quite true. Perhaps it is 
a matter of specific dynamic action. There is 
evidence to indicate that the flare-up three 
times daily in specific dynamic action is greater 
than that with the same amount of food given 
in a single meal. Is that your impression, 
Dr. Van Itallie? 

Dr. VAN ITALLIE: I think that is partly the 
explanation. Brobeck and ‘Tepperman were 
able to demonstrate a similar rapid rate of fat 
accumulation when they were trying to explain 
the remarkably high respiratory quotients 
exhibited by hypothalamic animals after inges- 
tion of food. They fed normal rats a full day’s 
ration within a two-hour period and observed 
that animals trained to eat in this manner 
developed an extraordinary ability to convert 
ingested carbohydrate and, presumably, protein 
to fat. I assume that these particular animals 
converted an equivalent quantity of fat into 
energy later in the day. However, had they 
been allowed to eat another meal some hours 
hence, obesity might well have ensued. 

Dr. TAGGART: Quantitatively, how impor- 
tant a factor is specific dynamic action? 

Dr. WERNER: I think it is about 6 to 10 per 
cent of the energy requirement. 

Dr. VAN ITALLIE: Protein alone is about 
10 per cent. The lower figure occurs with a 
mixed diet. 

Dr. TAGGART: I was surprised to hear the 
thermostatic theory revived. Is this not really 
another version of the old “‘luxuskonsumption”’ 
advocated many years ago, namely, that heat 
production could increase, part passu, with 
caloric intake? I thought Newburgh answered 
that when he told of putting an individual on a 
3,500 calorie diet with a resultant heat produc- 
tion of some 2,900 calories per day. When the 
caloric intake was increased to 5,000 calories a 
day, heat production went from 2,900 to about 
3,000 calories. 
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Dr. R. J. Cross: May I ask about the gluco- 
static theory? It was suggested that the level of 
glucose within the cells might be responsible 
for appetite. I have wondered if it might not 
be some breakdown product of glucose rather 
than glucose itself, pyruvate, for example, or 
something of that sort. 

Dr. VAN ITALLIE: The only evidence I know 
of is the previously cited work of Larsson and 
Forssberge. You will recall that they demon- 
strated a preferential uptake of radiophosphate 
by hypothalamic tissue in the area of the 
‘‘feeding’’ center when the rats under study 
fasted. We know that phosphate enters cells 
with glucose in many instances; therefore, the 
supply of phosphate to the cell might be crucial. 
I think that whatever the crucial reaction is, 
whether it involves some breakdown product of 
glucose, high energy phosphate bonds, intra- 
cellular potassium or something else, the pro- 
ponents of the glucostatic theory tie it to the 
carbohydrate supply. Thus the availability of 
carbohydrate to the postulated glucoreceptor is 
seen as the limiting factor regardless of the 
events which take place after the glucose has 
entered the receptor cell. All this, of course, is 
highly theoretical and speculative. 

Dr. TAGGArRT: Dr. Bruch, I would like to ask 
you a loaded question. We have devoted most 
of our time today to a consideration of physio- 
logic and biochemical factors which may oper- 
ate in the deposition and mobilization of fat. 
Would you care to tell us how important you 
believe these factors to be in comparison with 
the psychological factors which operate in a 
great many cases? 

Dr. HiLpE Brucu: You certainly are loading 
the question by putting it as an either/or propo- 
sition. I think the psychological factors are ter- 
ribly important. Their historical development 
is of interest. In my first studies on obesity I 
reviewed the literature and ran across all the 
different ideas. I felt that they made sense for a 
psychosomatic approach but that we did not 
have sufficient data on the metabolic aspects. 
Therefore, my answer to your question is that 
the basic physiologic facts are so important 
that I can think of no better way of progressing 
in this problem. 

But these discoveries have nothing to do with 


‘the answer to the second part of your question. 


The psychological problems are also important. 
It is fairer in our approach to patients not to 
deal with these problems as mutually exclusive. 


S 
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Dr. Van Itallie separated them as two different 
forms in his classification. According to my 
way of thinking, they are interrelated and are 
not two separate problems. 

The best part of the new work will be its 
application to the management of obesity. This 
new knowledge lifts the approach out of the 
realm of the ridiculing, the moralizing and the 
condemning that has so often characterized 
the attitude toward fat people. It permits a 
more positive approach to these patients so 
that they will be treated with the respect they 
deserve. 

Dr. Rosert F. Logs: Is it fair to say, regard- 
less of what group of factors play what relative 
roles, that we still have to reduce the number 
of calories (1) below the patient’s appetite and 
(2) to a point where he actually loses weight? 
From the point of view of the physician, I think 
the most important thing in the management 
of these patients is to let them know that we 
know it is as difficult for them to reduce their 
caloric intake to the point of negative nitrogen 
balance as it would be for the rest of us who are 
not obese to go on a starvation regimen month 
in and month out, year in and year out. If this 
is brought to the attention of the patient I think 
we are doing a great deal toward helping him 
with his own problem. He must be helped. 

Dr. Brucu: I would go one step further and 
raise the fundamental question of whether it is 
really good medicine to approach the weight 
problem directly. Again, I refer to follow-up 
studies. [ have seen many patients who, if 
the weight they had lost over twenty years was 
added up, should have disappeared; yet there 
they are very much in existence. All this effort, 
self-restraint and self-denial are completely 
wasted. It seems that many fat young people go 
back to their previous weight (or a bit higher) 
after efforts at reducing. This is in agreement 
with the observations that have been made on 
starvation. If after a starvation experiment the 
body has gained complete restitution, the drive 
for excess eating persists for some time. It seems 
to me that Dr. Loeb’s approach is the correct 
one. One should let the patient know that he 
will react to starvation like any normal person. 
This is one clue to the puzzle that many fat 
people, after an unjustified reducing regimen, 
will become even heavier. They react exactly 
like normal people after starvation. ‘They con- 
tinue overeating. 

Dr. ALBERT J. STUNKARD: There is another 


question I would like to ask in regard to the 
selection of patients who are dieting. An occa- 
sional patient is observed who, if placed on a 
diet, becomes seriously disturbed or psychotic. 
I wonder if Dr. Bruch might make some remarks 
in regard to the selection of patients? 

Dr. BrucH: That is the point Dr. Werner 
mentioned, that Dr. Richardson had made 
certain observations on the development of 
neurotic symptoms in fat people. Dr. Richard- 
son studied patients who were somewhat ad- 
vanced in years. My observations have been 
made chiefly on adolescents, and it seems to me 
that they as a group are even more fragile in 
their total adjustment. When one approaches 
their problem by forcing them to lose weight, 
they are apt to develop serious mental symp- 
toms. The fact that they are fat suggests that 
their life adjustment was poor at the start. They 
have been persecuted for being too heavy and 
feel rejected as people. The weight becomes an 
issue in a precarious mental balance. Enforced 
reducing is an attack on their security and may 
lead to psychotic reaction, that is, to a frank 
schizophrenic episode. In this group of patients 
I have also seen benzedrine addiction or, more 
correctly, something that has a delusional char- 
acter. It is unlike addiction in which a patient 
feels physiologically tied to a drug. The delu- 
sional aspect is the conviction that ‘“‘without 
these pills, I cannot function any more.” 


SUMMARY 


Dr. GILBERT H. MupcE: Obesity is a condi- 
tion which constitutes a serious public health 
pro»lem because of the frequency and severity 
of its associated complications. In _ today’s 
clinic, obesity has been considered in terms of 
physiological and biochemical mechanisms as 
well as in terms of the therapeutic procedures 
available to the clinician. 

The physiological mechanisms may be di- 
vided into those primarily associated with total 
energy balance of the organism and _ those 
primarily related to disturbances of inter- 
mediary metabolism. The problem of food in- 
take has been discussed in terms of the control 
of appetite by discrete functions of the central 
nervous system. The prevailing theories of the 
physiological basis of satiety have been reviewed. 
Hypothalamic centers, which are probably 
sensitive to glucose or other related metabolites, 
have been described. The function of these 
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centers has been analyzed in terms of the gluco- 
static theory of appetite control. 

The metabolism of fat is regulated by enzy- 
matic, hormonal and neural factors, and these 
are briefly reviewed. Adipose tissue itself has 
been found to have a surprisingly active metabo- 
lism. Three types of experimental obesity are 
discussed in terms of disturbances of specific 
metabolic reactions. ‘These demonstrate the 
possibility that, from a metabolic point of view, 
obesity may be considered in terms of multiple 
etiologic factors. 

In considering the various forms of therapy 
it is concluded that dietary restriction of caloric 
intake must still be considered the major com- 
ponent of any therapeutic program for obese 
persons. Psychiatric factors are frequently found 
to be responsible for the discrepancy between 
appetite and energy expenditure which results 
in clinical obesity. It is therefore emphasized 
that the advisability of weight reduction must 
be carefully evaluated in relation to the emo- 
tional problems presented by each individual 
patient. 
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Clinico-pathologic Conference 


Right-sided Heart Failure Occurring during 
Successive Pregnancies, Polycythemia and 


Sudden Peripheral Vascular Collapse 


Aerie reports, edited by Albert I. Mendeloff, m.p. and David E. Smith, m.p. 
of weekly clinico-pathologic conferences held in the Barnes and Wohl Hospitals, are 
published in each issue of the Journal. These conferences are participated in jointly by 
members of the Departments of Internal Medicine and Pathology of the Washington 
University School of Medicine and by Junior and Senior medical students. 


HIS twenty-seven year old white house- 

| wife (No. 237929) was admitted to the 

Barnes Hospital on two occasions in the 

four months prior to her death. Her first admis- 
sion was on May 27, 1954. 

The patient had been in good health until 
twenty-four months before admission when 
she noted mild dyspnea on exertion during the 
third month of her second pregnancy. Shortly 
thereafter her ankles became swollen to a mild 
degree. ‘These symptoms did not progress, how- 
ever, and she had no further difficulty before or 
after delivery. Six months later she developed 


the same symptoms of dyspnea and ankle edema © 


during the fourth month of her third pregnancy. 
Subsequently she became easily fatigued, gained 
weight slowly, and was delivered of a premature 
infant after seven months’ gestation. 

Her general health improved slightly after 
delivery until six months before the next 
admission, when she consulted her physician 
because of a recurrence of ankle edema. She was 
told that she had a “‘goiter’’ and an “enlarged 
heart.””> She was treated with digitalis and 
Lugol’s solution, 15 drops per day, which 
resulted in moderate improvement. Four months 
before admission she discontinued the medica- 
tions without consulting her physician. One 
month later she began to experience attacks 
of palpitation due to the sudden onset of rapid 
heart action followed by an abrupt disappear- 
ance of this symptom. Three months before 
admission her legs became progressively larger, 
eventually becoming swollen above the knees. 
During this time she was moderately dyspneic 
but not orthopneic. ‘Two weeks before admission 


her abdomen became markedly swollen, and 
she again consulted her physician. At this time 
she was redigitalized, placed on a low salt diet 
and given intravenous injections which resulted 
in rapid loss of the edema. A week before admis- 
sion she noticed that her fingernails had become 
a dark blue, and she complained of a “‘tight 
feeling’? in her chest. She was immediately 
hospitalized and given oxygen which resulted in 
subsequent clearing of the cyanosis. While in the 
hospital she was again given Lugol’s solution, 
10 drops per day. When after five days she 
failed to improve she was transferred to the 
Barnes Hospital. 

The past history revealed that the patient had 
been the product of a normal delivery. There 
had been no cyanosis at birth, no known con- 
genital defects, nor any unusual or severe disease 
during childhood and adolescence. Seven years 
before admission she had consulted a physician 
because of dysmenorrhea which was ascribed to 
a ‘‘tilted womb.” At that time she was told that 
she had an “enlarged heart’? and ‘“‘palpitation 
of the heart,” although she had not noticed any 
cardiorespiratory symptoms. The condition of 
the patient’s mother, age sixty-three, had 
recently been diagnosed as “rheumatic heart 
disease.”” One sister had had a “toxic goiter”’ 
removed at Barnes Hospital. 

The personal and social history were not 
contributory. 

Physical examination at the time of admis- 
sion revealed the patient’s temperature to be 
37.6°c.; respirations, 16; pulse, 120, and blood 
pressure 98/68. She weighed 84 pounds. The 
patient was a well developed, small, chronically 
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ill white woman in no acute distress. The skin 
was warm and slightly moist and there was no 
evidence of cyanosis. There was no significant 
lymphadenopathy. An acute chalazion of the 
right upper eyelid with erythema, swelling and 
tenderness, especially of the lateral portion, was 
noted. No proptosis of the eye or drooping of the 
lid was encountered. The optic fundi were nor- 
mal. Further examination of the head and 
neck revealed only an asymmetrical goiter with 
the left lobe and isthmus enlarged to twice nor- 
mal size. The lungs were not remarkable. 
Examination of the heart revealed a point of 
maximum impulse in the fifth intercostal space 
at the mid-clavicular line. On percussion the 
left border of cardiac dullness was encountered 
at the anterior axillary line. The cardiac rate 
was rapid; the rhythm was regular. A proto- 
diastolic gallop rhythm was heard over the 
cardiac apex. A grade 1, low pitched murmur 
was heard in middle and late diastole over the 
cardiac apex in the anterior axillary line, and a 
soft grade 1 systolic murmur was noted along the 
left sternal border. The first heart sound at the 
cardiac apex was not accentuated. The second 
heart sound over the pulmonic area was 
increased in intensity. Examination of the 
abdomen revealed no abnormalities except for a 
firm liver edge palpable two fingerbreadths 
below the right costal margin. Only a trace of 
ankle edema was present. Results of the neuro- 
logic examination were within normal limits. 
The laboratory data were as follows: hemo- 
globin, 20 gm. per cent; red blood cells, 6,500,- 
000; white blood cells, 8,500; differential, 
normal. Urinalysis, specific gravity, 1.017; pH 
5.0; protein, 1 plus; sugar, negative results; 
centrifuged sediment: 8 to 10 white blood cells 


- and 1 to 3 red blood cells per high power 


field. Stool guaiac test gave negative results. 
Blood cardiolipin, negative results. Blood chem- 
istry: non-protein nitrogen, 27 mg. per cent; 
total proteins, 7.0 gm. per cent; albumin, 4.0 gm. 
per cent; sodium, 145.9 mEq./L.; potassium, 
4.7 mEq./L.; carbon dioxide combining power, 
24.2 mM/L.; protein-bound iodine, 11.4 ug. 
per cent. Electrocardiogram: right ventricular 
enlargement; sinus tachycardia; auricular en- 
largement; digitalis effect. Roentgenogram of 
the chest: cardiac enlargement, left auricular 


and right ventricular; pectus deformity. Venous. 


pressure, 240 mm. of saline. Antistreptolysin 
“0” titre, 250 units. C-reactive protein, 3 plus. 
Throat culture: moderate growth alpha strepto- 
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cocci; few pneumococci. Blood culture, no 
growth. Basal metabolic rate, —3 per cent. 

The patient’s course in the hospital was un- 
eventful. A therapeutic regimen was maintained 
consisting of a low salt diet and digitalis leaf in 
maintenance dosage by mouth. She remained 
afebrile and free of respiratory distress. ‘The 
chalazion of the right eye responded promptly 
to the local application of bacitracin ointment. 
During hospitalization many cardiopulmonary 
diagnoses were suggested. On June 7, 1954 the 
patient was subjected to cardiac catheterization. 
The results were as follows: 


Blood 
Oxygen | Pressure 
Source *Y8°P | Satura- | (mm. 
Content Hg) 
(vol. %) 5 
(%) 
Pulmonary artery....... 11.96 80/45 
Right ventricle (high)....| 12.77 61.2 80/0 
Right ventricle (low)..... 11.82 56.8 
Right auricle........... 11.84 56.9 | 
Superior vena cava...... 10.99 52.5 | 


Pulmonary capillary pressure was 9 mm. of 
mercury. Simultaneous arterial oxygen satura- 
tions from the brachial and femoral arteries 
each yielded values of 98 per cent. The results 
of these studies were interpreted as follows: 
‘“Mitral stenosis is very unlikely. There is 
pulmonary hypertension. There is no evi- 
dence of a left to right shunt.”’ The patient was 
discharged on June 15, 1954. 

On September 16, 1954 the patient was 
brought to the emergency room in extremis. 
She had been seen a week before in the cardiac 
clinic and seemed to be doing well. Her poly- 
cythemia was again noted, and plans had been 
made to rehospitalize her soon to study the 
cause of the increased red cell production. The 
day before admission it was noted that her face 
and neck had begun to swell. Shortly thereafter 
she became nauseated, complained of palpita- 
tion, vomited, and retched frequently. She 
became very apprehensive and quite restless. 
She was taken to her local physician who advised 
that she be brought immediately to this hospital. 

Physical examination on admission revealed 
her temperature to be 37.0°c., respirations, 30, 
and pulse, 130. The blood pressure reading was 
unobtainable. The patient appeared very ill and 
was obtunded. The skin was ashen gray in color, 
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cool and moist. The lips were cyanotic. The 
head and neck revealed no change from the 
previous examination except for the neck veins, 
which were distended. The lungs were not 
remarkable. Examination of the heart revealed 
a forceful point of maximum impulse just to the 
left of the mid-clavicular line. The cardiac 
rhythm was regular, and a protodiastolic gallop 
rhythm was heard at the cardiac apex. No 
peripheral arterial pulsations were palpated 
except over the femoral arteries bilaterally. 
The edge of the liver was palpable four finger- 
breadths below the right costal margin. A mild 
degree of pitting edema of the thighs and sacrum 
was present. Neurologic examination was not 
remarkable. 

The laboratory data were as follows: hemo- 
globin, 18.5 gm. per cent; white blood cells, 
13,950; differential: stabs 6 per cent; segmented 
forms, 83 per cent; lymphocytes, 8 per cent; 
monocytes, 3 per cent. The electrocardiogram 
revealed no change from the previous record. 

Within two hours after arrival in the emer- 
gency room the patient expired. During that 
period she remained dyspneic, restless, cyanotic, 
and in a state of vascular collapse. 


CLINICAL DISCUSSION 


Dr. Harry L. ALEXANDER: This case today is 
one that excited a good deal of interest on the 
wards. The patient was a young woman of 
twenty-seven. Past history was non-contribu- 
tory. She began to suffer from signs of cardiac 
decompensation during her second pregnancy 
twenty-four months before her death. She 
recovered from this with the birth of her child. 
The third pregnancy came some six months 
after the second and was again characterized 
by cardiac failure. After the delivery of her 
premature child she recovered partially but the 
last six months of her life were made miserable 
by progressive cardiac failure. The one note- 
worthy aspect of her history is that at the age of 
twenty, during an incidental illness, she was told 
that her heart was large, although she had no 
symptoms. Furthermore, in the last year or two 
of her life a goiter was discovered. Presumably it 
was a toxig goiter for which she was given 
Lugol’s solution. On her first admission the 
physical signs, aside from the goiter, were 
entirely referable to her cardiac embarrassment. 
She exhibited a high venous pressure, ac- 
centuated pulmonary second sound, an enlarged 
right ventricle by x-ray, and _ electrocardio- 


graphic evidence of enlargement of the right 
auricle. She was not cyanotic, which is an 
important observation. The only significant 
laboratory observation was a_ considerably 
increased red blood cell count. She became 
compensated during this first admission and did 
well for the three months after she returned 
home. She then came in again and died rather 
suddenly. Now may we see the x-ray films? 

Dr. WiLuiAM B. SEAMAN: Conventional x-rays 
of the chest were taken on the day following 
hospital admission. A deformity of the thoracic 
cage and a depression of the sternum, the so- 
called pectus deformity, were noted, which is 
important to consider in evaluating the cardiac 
size because the thoracic cage deformity does 
tend to displace and rotate the heart, complicat- 
ing the problem of chamber analysis when 
cardiac enlargement exists. The heart was 
obviously enlarged, the apex extending to the 
sixth anterior interspace a few centimeters 
lateral to the left mid-clavicular line. Usually 
this is considered to be evidence of left ventricu- 
lar enlargement; however, there was definite 
right ventricular enlargement. In the presence 
of enlargement of the right ventricle it is difficult 
to determine radiographically whether there is 
left ventricular enlargement as well. Films 
made during barium swallow did not present 
very good evidence for left auricular enlarge- 
ment. Prominence in the region of the main 
trunk of the pulmonary artery was also noted, 
suggesting that this artery may have been a 
little dilated. The lung fields were of particular 
interest in this case since the vessels were cer- 
tainly normal in size, perhaps even a little less 
than normal. We had no radiographic evidence 
of pulmonary hypertension, even though it was 
present clinically. It is true that we have had 
cases of true pulmonary hypertension in which 
the vessels were not large; the explanation for 
this I do not know. There was also a film taken 
at the time of cardiac catheterization which 
suggested a tremendous enlargement of the 
right ventricular cavity, thus tending to confirm 
our impression of the conventional films. 

Dr. ALEXANDER: There are two points, Dr. 
Seaman, that puzzled us. It was very difficult, 
without being somewhat extravagant with our 
imagination, to understand why the left auricle 
was enlarged. Do you think that we may forget 
about that? 

Dr. SEAMAN: I personally do not feel that it 
was enlarged. 
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Dr. ALEXANDER: Secondly, we were puzzled 
over the fact that the pulmonary conus was not 
appreciably enlarged. 

Dr. SEAMAN: Most of the films suggest that 
there was pulmonary artery dilatation. On the 
other hand, a very similar bulge in that area can 
result from right ventricular enlargement alone. 

Dr. ALEXANDER: Did the infundibulum of the 
conus appear enlarged? 

Dr. SEAMAN: We couldn’t see that because it 
was the portion just beneath the valve. 

Dr. ALEXANDER: On the basis of the clinical 
findings, the suggested diagnoses were mitral 
stenosis or some form of congenital heart disease, 
more likely Eisenmenger’s complex. Would you 
comment on these, Dr. Massie? 

Dr. EpwarpD MassiE: The first diagnosis that 
would have to be entertained clinically on this 
patient would be mitral stenosis if the ausculta- 
tory findings are correctly listed in the protocol. 
This would comprise the diastolic murmur at the 
apex, the accentuated pulmonic second sound 
and the enlarged right ventricle. Those add up 
to mitral stenosis, but wasn’t some murmur 
heard at the left sternal border or at the pul- 
monary area? Were the murmurs in this patient 
heard only at the apex? 

Dr. ALEXANDER: Everyone who observed the 
patient heard a murmur along the left sternal 
border that was systolic in time, but not 
diastolic. 

Dr. Massie: We do know that in a septal 
defect, either auricular or ventricular, we would 
be likely to get some auscultatory finding at the 
left sternal border. Now, admittedly, in an 
interauricular septal defect sometimes one has a 
paucity of findings, but with a ventricular septal 


defect we ought to get a loud systolic murmur 


of some sort at the left sternal border. This 
patient did not have such a murmur, so it is 
unlikely that an interventricular defect was 
present. I also feel that mitral stenosis would 
have been the most likely diagnosis clinically 
prior to the findings obtained at catheterization. 
Dr. ALEXANDER: Dr. Bercu, I think my 
remarks will not be nearly as valuable as yours 
in the discussion of this situation. You wrote a 
note on the chart which stated that this was 
probably not mitral stenosis because the pul- 
monary capillary pressure was normal. Dr. 
Massie felt that in the absence of a louder mur- 
mur than was heard at the left sternal border an 
interventricular defect was unlikely. Did you feel 
that you had ruled this out by catheterization? 
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Dr. B. Bercu: It is impossible to rule out 
septal defect with certainty when the pressure 
on the right side of the heart rises abnormally. 
Depending upon the pressure differential be- 
tween the two ventricles and the size of the 
defect, one can miss a small defect with a left to 
right shunt, or a larger defect as the pressure on 
the right side rises and the shunt reverses, so that 
probably many cases in the literature cited as 
primary pulmonary hypertension really are 
septal defects without enough shunt to be ob- 
vious on catheterization. There is one other 
technic in using the catheter that might be worth 
mentioning. Unfortunately, we were not em- 
ploying it at that time. It consists of injecting dye 
into the area of the shunt and measuring the 
time it takes for it to appear in a peripheral 
artery. Had we done that at the time we could 
have been more certain. 

Dr. ALEXANDER: You said that you did not 
think there was a left to right shunt. Why? 

Dr. Bercu: I did not think so because the 
oxygen content of the blood samples taken from 
the right side of the heart showed no significant 
rise as we went from the superior vena cava to 
the pulmonary artery. All the values were 
normal. 

Dr. ALEXANDER: If there were a left to right 
shunt would there have been more oxygenation 
of the right ventricular blood? 

Dr. BERcu: Yes. 

Dr. ALEXANDER: Pulmonary stenosis was 
suggested as a possible diagnosis here. How may 
catheterization rule this out? 

Dr. Bercu: That is the easiest diagnosis to rule 
out by catheterization, because if the systolic 
pressure in the pulmonary artery is equal to that 
in the right ventricle there is no doubt that 
pulmonary stenosis is absent. In the presence of 
pulmonary stenosis, the pressure in the pul- 
monary artery is markedly diminished as com- 
pared to that of the right ventricle. 

Dr. Massie: Since what you said rules out 
pulmonary stenosis, what about pulmonary 
insufficiency on the basis of the catheterization 
data? 

Dr. Bercu: You’re probably thinking of the 
wide pulse pressure, Dr. Massie, which suggests 
that diagnosis. It is impossible to be certain 
about the presence of pulmonary insufficiency. 
In the presence of this type of pressure recording 
and of a high-pitched diastolic murmur heard 
along the left sternal border, which this patient 
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did not have, I would be willing to make a 
diagnosis of pulmonary insufficiency. 

Dr. Massie: In other words, your readings 
would be compatible with pulmonary insufh- 
ciency. 

Dr. BERcu: Yes. 

Dr. ALEXANDER: Would you get a loud P» in 
pulmonary insufhciency? 

Dr. Bercu: In the absence of pulmonary 
stenosis, yes, because the pulmonary insufh- 
ciency must be secondary to pulmonary 
hypertension. 

Dr. ALEXANDER: What is the mechanism of 
the murmur? 

Dr. Bercu: The valves probably close with a 
loud bang, but there is just enough space be- 
tween them for some blood to leak back. 

Dr. ALEXANDER: Any other question? 

Dr. JoHN R. Situ: Is the diastolic pressure of 
45 mm. Hg in the pulmonary artery compatible 
with a wide-open pulmonary insufhciency? 

Dr. Bercu: I was speaking of the usual pul- 
monary insufficiency, which is a functional lesion 
secondary to pulmonary hypertension and 
dynamically probably not too important. If you 
are speaking in terms of dynamics and the 
effect on the right ventricle, | would agree with 
you that a high diastolic pressure in the pul- 
monary artery would be unlikely in pulmonary 
insufficiency. 

Dr. JAmMEs W. Owen: The important thirg is 
that neither a septal lesion nor a pulmonary 
insufficiency can explain the primary pathology 
here, which was right-sided hypertension. 

Dr. Bercu: That is not entirely true. Although 
a septal defect per se does not cause right-sided 
hypertension, about 10 per cent of those patients 
with either an auricular or a ventricular septal 
defect ultimately develop severe pulmonary 
hypertension. We also know that in the Eisen- 
menger complex pulmonary hypertension is a 
part of the lesion, so that diagnosis should have 
been considered. 

Dr. ALEXANDER: The absence of any definite 
lesion of the heart, the valves or the septum that 
may have accounted for this picture led to the 
consideration that the resistance might be in 
the pulmonary artery, and so a suggestion was 
made that this might be primary or perhaps 
secondary pulmonary artery hypertension. I 
believe, Dr. Wood, you made that diagnosis 
before the catheterization studies were done. I 
wonder if you’d tell us your concept of primary 
pulmonary artery hypertension. 


Dr. W. Barry Woop, Jr.: Dr. Alexander, I 
suggested that diagnosis because I couldn’t see 
the left auricular enlargement in the x-ray films. 
In addition, the patient had had trouble at the 
time of her pregnancy, which suggested the 
possibility of thrombi in the pulmonary circuit. 
Since all our evidence pointed to right-sided 
heart strain and pulmonary hypertension, it 
seemed to me that she might be suffering from a 
bleck in the lesser circulation, that is, in the 
pulmonary vessels, which was throwing a Strain 
on the right ventricle, causing the very loud 
second pulmonic sound, and leading to her 
symptoms. 

Dr. ALEXANDER: The block, then, would be 
proximal to the pulmonary capillaries? 

Dr. Woop: Yes, and the fact that the pul- 
monary arteries at the hilar region were not 
enlarged, as Dr. Seaman pointed out, raises the 
question as to whether the thrombi might not 
have been fairly close to the pulmonary conus 
involving the large pulmonary arteries. 

Dr. ALEXANDER: I am not very clear as to 
whether you are now speaking of so-called 
primary pulmonary hypertension or whether 
you feel there will be thrombi or a lesion some- 
where in the lungs. 

Dr. Woon: I was thinking in terms of multiple 
pulmonary thrombi leading to pulmonary 
hypertension. In those cases that I know about, 
the pathologist can demonstrate changes in the 
pulmonary blood vessels, either marked sclerosis 
of the small pulmonary arteries or thrombi that 
have become recanalized. ‘There must be some- 
thing producing a block, either in terms of 
sclerosis of the vessel walls or thrombotic 
changes inside the vessels. ‘Those are the only 
changes with which I am familiar. 

Dr. ALEXANDER: This would be analagous, 
then, to systemic hypertension. 

Dr. Woon: In a sense, yes. 

Dr. ALEXANDER: Dr. Owen, you’re interested 
in this subject. Do you agree with this suggestion? 

Dr. JAMEs W. Owen: Yes, Dr. Alexander. As 
a matter of fact an increasing number of these 
cases is being discovered now that cardiac 
catheterization is being done with increased 
frequency, and both mechanisms Dr. Wood has 
described have been offered to explain various 
cases. It is interesting that studies of the pathol- 
ogy of the lung show that most of the changes 
have been limited to vessels having a diameter of 
100 micra or greater. In the differential diagnosis 
it is important to distinguish this kind of cor 


AMERICAN JOURNAL OF MEDICINE 


4 


Clinico-pathologic Conference 131 


pulmonale from that secondary to chronic 
lung disease. Fortunately this woman is cer- 
tainly one of a small number of women who 
have trouble during pregnancy and run a 
rapidly fatal course with progressive signs of 
cor pulmonale. The other interesting features 
that these patients almost uniformly dermon- 
strate are the absence of orthopnea and the 
presence early in the course of their illness of 
normal oxygenation of arterial blood. 

Dr. ALEXANDER: In my earlier medical 
experience, this diagnosis meant that nothing 
was found at autopsy. Later on, more careful 
study of these cases did reveal minute healed 
thrombi or other larger thrombi. When we speak 
of primary pulmonary hypertension, we might 
be aware of the fact that this isn’t necessarily 
primary. Dr. Bercu, how did you interpret her 
polycythemia? 

Dr. Bercu: I had great difficulty interpreting 
it, Dr. Alexander, for this reason: On two occa- 
sions we did determinations of her arterial 
oxygen content and saturation; in both of those 
instances we found that the arterial oxygen 
data were perfectly normal. Our usual concept 
of secondary polycythemia is that it occurs on the 
basis of anoxia or hypoxia, with a diminished 
arterial oxygen concentration and conceivably a 
diminished oxygen concentration in the bone 
marrow. If this is so, this patient did not have 
secondary polycythemia. On the other hand, 
the fact that pulmonary disease is often asso- 
ciated with pulmonary hypertension and with 
polycythemia would lead one to call this a 
secondary polycythemia. It is conceivable that 
she had primary polycythemia, but I would 
think this very unlikely. 

Dr. ALEXANDER: May we assume that the 
lesion is not in the pulmonary capillaries? 
If this were early Ayerza’s disease, wouldn’t the 
pulmonary capillary pressures be raised even in 
the earlier stages? 

Dr. BErcu: I am not sure of that. It is my 
impression that pulmonary capillary pressure 
would not be elevated unless there was disease 
of the left ventricle or the mitral valve. 

Dr. ALEXANDER: But if there were thrombi 
or fibrosis in the pulmonary capillaries, shouldn’t 
one see eventually some evidence in the chest 
x-rays and shouldn’t the capillary pressure be 
increased? 

Dr. Bercu: Changes could have taken place 
in the alveolar walls which would have nothing 
to do with the blood vessels, such as the inter- 


JuLy, 1955 


stitial change we see in an alveolar-capillary 
block which does not elevate capillary pressures. 
I’m not aware of any studies which show rises in 
the pulmonary capillary pressure from changes 
in the pulmonary capillaries themselves. 

Dr. ALEXANDER: Are there further questions 
about this case or shall we decide that, in all 
probability, this is a case of disease of the pul- 
monary artery itself? We are still a little uncer- 
tain about the polycythemia. Dr. Massie, do 
you agree with this? 

Dr. Massie: I am somewhat skeptical about 
the primary pulmonary vascular disease. I’m 
sure this patient didn’t have mitral stenosis. 
Since we have ruled out that possibility, I 
wonder whether pulmonary insufficiency might 
have produced this type of polycythemia. I’m 
puzzled that we did not see more pulmonary 
vascular markings; this makes me hesitate to 
make a diagnosis of pulmonary insufficiency. 

Dr. ALEXANDER: You have made a very good 
point. Certainly in many of the cases that have 
been described, one of the features is a promi- 
nent pulmonary conus. Are there other questions 
or suggestions? 

Dr. Massie: I should say one thing about the 
electrocardiogram. There is no question that it 
showed marked right ventricular enlargement; 
we also made an electrocardiographic diagnosis 
of auricular enlargement, but it must be remem- 
bered that with pulmonary hypertension that 
kind of electrical pattern does appear, which 
does not necessarily require anatomic enlarge- 
ment of the auricle. I agree that there was no 
left auricular enlargement on the x-ray films. 

A PuysicrAn: It is not safe to say there was 
no enlargement of the pulmonary conus. As Dr. 
Seaman pointed out, it is entirely probable that 
there may have been, especially on the right 
anterior oblique film. I would be inclined to say 
that the pathologist will tell us there is enlarge- 
ment of the pulmonary conus. 

Dr. Owen: Dr. Alexander, in regard to the 
polycythemia, I think it’s worth mentioning that 
this is not a constant finding in this disease. 

Dr. ALEXANDER: We will turn this discussion 
over to the pathologists with a clinical diagnosis 
of primary pulmonary hypertension. 


PATHOLOGIC DISCUSSION 


Dr. JoHN D. Keye: The pleural cavities 
contained 250 ml. of a clear serous fluid in each 
hemithorax. The heart was markedly enlarged 
with dilatation of the right ventricle and atrium 
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Fic. 1. Fibrous tissue and endothelial channels typical of an organized thrombus in a small pulmonary 
artery. This is one of two types of occlusive lesions that were present in tremendous numbers in the ves- 


sels of the lungs. 


Fic. 2. Concentric fibrous intimal thickening in a small muscular artery (the second type of occlusive 
lesion of pulmonary arteries in this case). 


Fic. 3. A lesion of the second type in an arteriole. 


Fic. 4. Irregular intimal fibrous thickening in a terminal branch of an arteriole which suggests in its 
appearance a form intermediate between the obvious organized thrombi and the concentric lesions 
which are usually considered as arteriosclerotic. 
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and hypertrophy of their walls. The left ventricle 
and atrium were of more nearly normal con- 
figuration. The pulmonary valve, as well as all 
the other valves, was normal. ‘The myocardium 
was not remarkable except for hypertrophy and 
the endocardium was thin and transparent. The 
thyroid was palpable but weighed only 24 gm.; 
upon section it did not appear unusual. The 
lungs were moderately edematous and congested. 
The large pulmonary arteries contained a few 
yellow plaques in the intima. The appearance 
of the liver was typical of advanced chronic 
passive congestion, and there was congestion of 
the spleen and of the kidneys. The veins of the 
legs, unfortunately, were not examined. 

Dr. Witsur A. THomAs: On microscopic 
examination all of the abdominal organs showed 
evidence of long standing congestive failure. 
Such changes were especially prominent in the 
liver, spleen and pancreas. The thyroid showed a 
few dilated acini but there was no evidence of 
increased activity. The lungs contained a few 
areas of a slight degree of congestion and edema, 
but there was no evidence of significant pul- 
monary fibrosis or emphysema. The significant 
pathologic changes in the lungs were limited 
to the small arteries and arterioles. Examination 
of these small vessels makes it apparent that the 
cause of the pulmonary hypertension in this 
patient was multiple obstructive lesions at this 
level. 

These obstructive lesions were of two types. 
In the small pulmonary artery illustrated in 
Figure 1, it consists of a meshwork of loose con- 
nective tissue through which are _ scattered 
endothelial-line vascular channels. This is the 
usual and easily recognizable appearance of an 
-organized thrombus, and on the left side of the 
figure it can be seen to bulge into a branch of the 
vessel. Figure 2 is an example of the second type 
of lesion, which consists of fibrous intimal thick- 
ening. This is a small muscular artery with a 
clearly defined muscular wall and _ internal 
elastica. The intima within the elastica is 
thickened by loose fibrous tissue that encroaches 
upon the lumen in a rather uniform fashion to 
reduce its size greatly. Figure 3 shows a similar 
lesion, this time in an arteriole. There are 
marked fibrous intimal thickening and a very 
small lumen. The lesion in Figure 4 is somewhat 
less advanced and considerably more irregular. 
It is in a terminal branch of a small muscular 
artery at the origin of an arteriole and its 
appearance suggests an intermediate stage 
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between the first and second types of lesions. It is 
impossible to estimate the extent of these lesions. 
It is quite probable that there were literally 
millions of them. It can be readily appreciated 
that the degree of obstruction produced by large 
numbers of these lesions would be sufficient to 
result in pulmonary hypertension and even- 
tually in right heart failure. 

Our problem is to determine the basic nature 
of these lesions and, if possible, their etiology. 
Until very recent years, as Dr. Alexander 
pointed out, cases such as this probably would 
have been classified in most clinics and labora- 
tories as primary pulmonary arteriosclerosis 
or Ayerza’s syndrome. Ayerza’s syndrome is a 
rather loosely defined term usually indicating 
any type of pulmonary arterial disease the cause 
of which is not immediately apparent. Consider- 
able evidence has been acquired in recent 
years indicating that many of the cases previ- 
ously called by this name are actually cases of 
latent pulmonary embolization with the lesions 
in pulmonary vessels resulting from repeated 
showers of small emboli. The evidence for this 
viewpoint comes from three sources, namely, 
animal experiments, autopsy observations and 
clinical observations. ‘This is a very good exam- 
ple of the results that can be achieved with this 
combined approach. 

Seven years ago a British pathologist, C. V. 
Harrison,! had a case similar to the present one. 
It occurred to him that these lesions might be 
due to emboli. In order to test this idea, he 
embolized a group of young, healthy rabbits 
by repeatedly injecting a saline suspension of 
blood clots into a peripheral vein and allowing 
them to be carried by the blood stream to the 
lungs. By means of this simple method, he was 
able to produce lesions like those seen in his 
human case and in the case being discussed here. 
His results have been confirmed by investigators 
in other laboratories throughout the world and 
we have duplicated them in some _ recent 
experiments of our own. Reports of animal 
experiments such as those by Wartman and 
others,” and Barnard,’ as well as that of Harrison 


1 Harrison, C. V. Experimental pulmonary arterio- 
sclerosis. J. Path. & Bact., 60: 289, 1948. 

2 WARTMAN, W. B., JENNINGS, R. B. and Hupson, B. 
Experimental arterial disease: the reaction of the pul- 
monary artery to minute emboli of blood clot. Circula- 
tion, 4: 747, 1951. 

3 BARNARD, P. J. Pulmonary arteriosclerosis and cor 
pulmonale due to recurrent thromboembolism. Circula- 
tion, 10: 343, 1954. 
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include photomicrographs of lesions that are 
indistinguishable from the two types shown in 
the present case. The second type of lesion, the 
fibrous intimal thickening, may or may not 
necessarily be another form of organization of 
thrombi. [t may be due to the hypertension that 
has been produced by the obstruction from 
lesions of the first type, which are easily recog- 
nized as organized thrombi. In any event, both 
types of lesions are readily produced by inject- 
ing emboli of blood clots into experimental 
animals. 

In recent years, increasing numbers of human 
cases have been reported with pulmonary vascu- 
lar lesions similar to those in the present case and 
associated with clearly demonstrable sources of 
emboli in the veins of the legs or the right 
portion of the heart. Several years ago we 
studied the autopsies of twelve such cases at the 
Massachusetts General Hospital.* Lesions of 
both types, recanalized thrombi and _ typical 
arteriosclerosis, were constantly present in the 
arteries of the lungs. In nine of these twelve 
cases there were clearly demonstrable sources 
in the leg veins or heart, usually in the leg veins, 
from which emboli could have arisen. In two 
cases the leg veins had not been examined be- 
cause of failure to recognize their impor- 
tance at the time of autopsy. In only one case 
no source of emboli was found despite a com- 
plete examination. 

Supporting evidence for this concept of the 
etiologic importance of pulmonary emboli in 

4 Owen, W. R., THomas, W. A., CASTLEMAN, B. and 
BLanpb, E. F. Unrecognized emboli to the lungs with 


subsequent cor pulmonale. New England J. Med., 249: 
919, 19553. 


these cases comes from clinical observations. 
Careful histories have revealed in some Cases, 
although by no means in all, episodes which 
were suggestive of embolization. A number of 
cases have also been reported with onset dating 
from pregnancy, a condition of which thrombotic 
and embolic episodes have long been recognized 
as complications. 

In summary, this is a case of chronic cor 
pulmonale resulting from multiple obstructive 
lesions in the small pulmonary arteries and 
arterioles. Evidence has been derived from 
experimental animals, autopsies and clinical 
observations indicating that these lesions may 
have resulted from multiple emboli. The 
source of emboli in this case was not demon- 
strated, but the veins of the legs, which are the 
most common source, were not examined be- 
cause of failure to recognize the possibility at 
the time of the autopsy that they might have 
been important in clarifying the pulmonary 
condition. ‘The immediate cause of death was 
not apparent, but in a number of the previously 
studied cases the terminal episode has also been 
rather sudden. 

Final Anatomic Diagnoses: Multiple organized 
thrombi in the small pulmonary arteries and 
arterioles; slight arteriosclerosis of large pul- 
monary arteries and advanced arteriosclerosis of 
small pulmonary arteries and arterioles; myo- 
cardial hypertrophy and dilatation of the right 
ventricle and atrium. 


Acknowledgment: Illustrations were made by the 
Department of Illustrations, Washington Uni- 
versity School of Medicine. 
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PHYSIOLOGIC VARIATIONS DURING INDUCED Hy- 
POTHERMIA IN THE Doc. H. M. Ausherman, W. K. 
Nowull, S. Boyarsky, H. FE. Hall and W. W. Shingle- 
ton (introduced by J. V. Warren*). Dept. of Anes- 
thesia, V. A. Hospital, Div. of Anesthesia and 
Urology and the Dept. of Surgery, Duke Uni- 
versity Hospital and School of Medicine, 
Durhan, N. C. 

Recent enthusiasm for the use of induced 
hypothermia for cardiac surgery and the hiber- 
nation technic for severe infection and other 
shock-like states prompted the authors to 
familiarize themselves with the technics and 
physiologic variations of induced hypothermia 
in the dog. Hypothermia was produced most 
rapidly and efficiently by emersion in ice water 
under pentothal® or nembutal® sodium anes- 
thesia. Biologic functions tested were as follows: 
blood pressure, pulse rate and electrocardio- 
graphic changes, respiratory rate, tidal and 
minute volume, oxygen consumption, electro- 
encephalographic patterns, serum potassium 
and sodium, arterial pH, carbon dioxide tension, 
per cent oxygen saturation, hematocrit, renal 
and hepatic functions. 

Respiratory rate, minute volume and oxygen 
consumption are markedly depressed. Arterial 


‘carbon dioxide pressure and pH vary toward 


respiratory alkalosis. Arterial blood remains well 
oxygenated until respiration is nearly absent. 
Serum sodium was essentially unchanged but 
serum potassium was decreased. Blood pressure 
and pulse rate declined progressively with the 
decrease in rectal temperature. Electrocardio- 
graphic changes were those associated with a 
sinus bradycardia and alkalosis. 

Hypothermia in the dog appears to be a 
relatively safe procedure at body temperatures 
at or above 25°c. and for less than twelve hours. 
Temperatures below 25°c. and for more than 
twelve hours have a_ progressively higher 
mortality. 


* Asterisks indicate members. 
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Dacti, (N-ETHYL-3 PIPERIDYL-DIPHENYL-ACE- 
TATE HYDROCHLORIDE) IN TREATMENT OF VEN- 
TRICULAR ARRHYTHMIA INDUCED BY QOUABAIN. 
D. P. Baumann and L. D. Seager (introduced by 
P. L. Day*). Univ. of Arkansas School of Medi- 
cine, Little Rock, Ark. 


Recent attempts to find an effective anti- 
fibrillary agent for use in the arrhythmia of 
hypothermia has led to the trial of many drugs 
with indifferent results. Studies with dactil® 
(Lakeside Laboratories, Inc.) have suggested its 
applicability in this regard. Its effectiveness in 
the prevention of ventricular fibrillation due to 
benzol and epinephrine in hypothermic and 
normothermic dogs has been presented in a 
preliminary report elsewhere. As another phase 
of this study ventricular arrhythmia was induced 
by intravenous ouabain in pentobarbital anes- 
thetized dogs. Dactil was administered in a slow, 
continuous intravenous drip until definite results 
were determined. Intermittent electrocardio- 
graphic tracings were obtained as necessary 
as a criterion of the status of the rhythm. 
Amounts of ouabain required to produce a 
ventricular rhythm varied considerably (0.07 to 
0.395 mg./kg.). Dactil was given as a 0.5 to 
1.0 per cent saline solution 10 to 50 mg. per 
minute. Reversion to a supraventricular or 
normal sinus rhythm occurred in fifteen of 
twenty experimental procedures completed to 
date. Present evidence suggests this drug may 
act in part by depressing ventricular irritability. 


SERUM Lipip FRACTIONS IN INDUCED AND SPON- 
TANEOUS HyPOTHYROIDISM; MODIFICATION BY 
BETA-SITOSTEROL. M. M. Best,* C. H. Duncan, 
J.D. Wathen and H. D. Kerman.* Inst. of Medical 
Research, Univ. of Louisville School of Medi- 
cine, Louisville, Ky. 

Serum lipid fractions were followed in a 
group of patients with congestive failure 
rendered hypothyroid by [I-131. Four patients 
with rheumatic mitral stenosis had _ initially 
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low serum total cholesterol values (mean 146, 
range 109-180). Following I-131 administration 
they exhibited a transient peak in serum choles- 
terol during the second month (mean 196, 
range 181-215). In three of these patients the 
serum cholesterol followed a similar course, 
returning four months after treatment to the 
initial range, while the I-131 uptake remained 
in the hypothyroid range. For these subjects the 
mean values were: pre-treatment, 135, second 
month peak, 189, and return to 147 while the 
subject was still hypothyroid. In the fourth 
patient persistent hypothyroidism was associated 
with an eventual sustained increase in serum 
cholesterol, from pre-treatment level of 180 to 
259 six months later. 

Administration of the plant sterol, beta- 
sitosterol, to this patient and to patients with 
spontaneous myxedema resulted in a mean 
reduction of serum cholesterol of 25.9 per cent, 
comparable to that we have observed from 
sitosterol administration to euthyroid subjects. 

The changes in cholesterol were paralleled by 
those in serum total lipid and, less consistently, 
by those in lipid phosphorus and calculated 
neutral fat. 


CLINICAL AND PuysioLoGic EVALUATION OF 
SEVERAL ORALLY EFFECTIVE BRONCHODILATORS. 
H. G. Boren, D. J. George, I. C. Chofnas and C. A. 
Handley (introduced by C. L. Spurr*). V. A. Hospital 
and Dept. of Medicine of Baylor Univ. College 
of Medicine, Houston, Tex. 


Three orally administered N-substituted arter- 
enol derivatives have been evaluated. Twenty- 
four male patients, averaging fifty-eight years in 
age, with continuing difficulty from pulmonary 
emphysema and chronic bronchitis despite the 
usual regimen, were studied with special 
emphasis on pulmonary function. Toxic effects 
were limited to occasional slight decrease of 
blood pressure and tachycardia accompanied at 
times by palpitation or dizziness. No laboratory 
evidence of hematologic, hepatic, electrocardio- 
graphic or renal damage was found, even when 
drugs were administered over two months. 
Moderate to marked increase of vital capacity 
was frequently found. Timed vital capacity, 
nitrogen washout and flowmeter tracings added 
no further information. 

For study of mechanics, pressure was meas- 
ured by an intra-esophageal catheter, flow by 
Lilly flowmeter, volume by electrically recording 
spirometer. Changes were recorded on multi- 


channel electrocardiograph and _ oscilloscope. 
Mechanics studies on eight patients showed in- 
crease frequency of breathing only once, 
decrease of extremes of pressure fluctuation in 
seven of eight cases, volume and flow increase 
in three of four cases, and significant decrease of 
resistance in three of four patients. Compliance 
studies in five patients showed an increase twice 
and decrease once. Of the three drugs studied, 
N-(2-(3,4-methylenedioxyphenylisopropy])) nor- 
epinephrine hydrochloride (JB251, Lakeside) is 
most effective. Only mechanical studies allow 
complete evaluation. 


CORRELATION OF PHyYSIOLOGIC EFFECTS OF 
RADIOACTIVE ENDOTOXIN WITH ITs DISTRIBUTION 
In Vivo. A. J. Braude, F. J. Carey, D. W. Suther- 
land and M. Zalesky (introduced by E. Strauss*). 
Dept. of Internal Medicine, Southwestern 
Medical School of the Univ. of Texas, Dallas, 
Tex. 


As a means of investigating the pathogenesis 
of gram-negative bacterial infections, the fate of 
radioactive endotoxin, labelled with Cr®!', was 
correlated with its physiologic effects after 
intravenous injection. Endotoxin was prepared 
by culturing Escherichia coli in the presence only 
of inorganic constituents to avoid organic 
impurities which might bind chromium. Firm 
labelling was achieved by adding Na2Cr°'O, or 
Cr°'Cl; directly to endotoxin or living E. coli 
and radioactivity was directly proportional to 
toxicity. 

Labelled endotoxin, after intravenous injec- 
tion of lethal doses in rabbits, first appeared in 
the plasma (but not in the erythrocytes) and 
then rapidly passed to buffy coat and _ liver. 
Tremendous concentrations accumulated in the 
buffy coat while leukopenia was developing. 
Rapid removal from plasma was accompanied 
by fever, leukopenia and sometimes hypotension 
and diarrhea. Changes in blood volume, deter- 
mined with Cr’*! labelled erythrocytes, were 
variable but not marked. 

These results indicate that changes in leuko- 
cytes (neutropenia, toxic granulations, reduced 
mobility) after injection of endotoxin result from 
localization in them of endotoxin; that localiza- 
tion represents an active removal of endotoxin 
from the circulation; and that protection against 
endotoxin, as protection against bacterial infec- 
tion, depends in part on the ability of leukocytes 
to ingest endotoxin. 
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NucLEOTIDE LEvELS HUMAN’ CARDIAC 
MuscLe. W. J. Burdette.* Chester Beatty Re- 
search Inst. of the Royal Cancer Hospital and 
the Brompton Hospital, London, England. 


Fresh, auricular muscle was obtained from 
eight patients at the time of cardiotomy for 
mitral stenosis and was placed on ice immedi- 
ately. After weighing, the myocardium was 
homogenized and an acid extract prepared. 
Dowex-1 (200 to 400 mesh) was then used as a 
formate column to separate the nucleotides. ‘The 
fractions were collected in volumes of 5 ml., the 
optical densities of which were read at 260 and 
275 my in a Beckman model DU spectropho- 
tometer. The results were rather uniform for the 
various specimens. The average amount (uM / 
gm.) of AMP was 0.721, of ADP was 0.292, and 
of ATP was 0.138. Complete separation of other 
nucleotides was not accomplished but their 
presence suggests that the adenosine system 
may not solely be involved in energy exchanges 
during muscular contraction of the human heart. 


CasE OF COLLAGEN DISEASE (SCLERODERMA) IN 
WHICH PLEUROPNEUMONIA-LIKE ORGANISMS 
WERE ISOLATED FROM AN OVARIAN Cyst. S. W. 
Bush, L. B. Robinson, W. E. C. Wacker and 
T. M. Brown.* Dept. of Medicine, George 
Washington Univ. School of Medicine, and the 
Arthritis Research Unit, Medical Service, V. A. 
Hospital, Washington, D. C. 


The case is that of a twenty-nine year old 
woman with repeated genitourinary infections 
for five years treated with penicillin. The present 
illness began five months before hospitalization. 
Clinical and laboratory studies were compatible 
with disseminated lupus erythematosus but no 


_ L.E. cells were found. Recurrent Escherichia coli 


urinary infections were treated with antibiotics 
other than penicillin. Cortisone was employed 
intermittently for symptomatic control. Lapa- 
rotomy disclosed a follicular ovarian cyst. The 
clear cystic fluid contained pleuropneumonia- 
like organisms in pure culture. Improvement 
after surgery was followed by a downhill course. 
Treatment consisted of cardiac management 
and cortisone therapy. Autopsy, after fifteen 
months of illness, revealed findings compatible 
with scleroderma in the skin, gastrointestinal 
tract, lungs and heart. 


This is the first case in which pleuropneu-: 


monia-like organisms (L organisms) were ob- 
tained from an ovarian cyst. These findings are 
interesting in view of the long-standing specula- 
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tion regarding the role of pleuropneumonia-like 
organisms in Reiter’s disease, genitourinary 
infections, rheumatoid arthritis and rheumatic 
fever. Also, the findings may pertain to the 
known ability of penicillin to induce the forma- 
tion of ‘L’ forms from common bacteria. No 
conclusions regarding the etiology of collagen 
diseases can be drawn from an isolated case but 
additional studies appear indicated. 


THE LEUKOPENIA OF VIRUS INFECTION—RELA- 
TION TO THE CONCENTRATION OF VIRUS AND THE 
VIRAL Lesion. G. R. Cary, W. B. Sorrell and E. D. 
Kilbourne.* Dept. of Medicine, Tulane Univ. 
School of Medicine, New Orleans, La. 


The well known leukopenia of virus infec- 
tions is an enigmatic phenomenon which has 
received little study. With the belief that 
investigations on the genesis of this leukopenia 
might aid in elucidation of the pathogenesis of 
viral disease, a study was undertaken of experi- 
mental influenza virus infection. Adult male 
CFW mice weighing 20-22 gm. were inoculated 
intranasally with either 10° EIDs5o of influenza A 
virus (PR8 strain) or a control injection of saline. 
Both inocula contained penicillin and strepto- 
mycin. At varying intervals following infection 
(twelve, twenty-four, forty-eight, seventy-two 
and ninety-six hours) mice (four/group) were 
bled from the tail, then killed for study of 
pulmonary lesions, pulmonary virus concentra- 
tions and bone marrow cytology. 

A 22 per cent decrease in the total leukocyte 
counts of virus-infected mice was noted forty- 
seven to ninety-six hours after inoculation. 
Differential counts revealed an absolute lym- 
phopenia representing a 40-45 per cent reduc- 
tion in lymphocytes and a_ concomitant, 
absolute neutrophilia. Leukopenia occurred 
twenty-four hours subsequent to the logarithmic 
phase of viral increase, coincident with the attain- 
ment of maximal viral concentration, and 
twenty-four hours prior to the appearance of 
pneumonia. Thus infection of a murine host with 
influenza virus results in an absolute lympho- 
penia and an absolute neutrophilia temporally 
related to the peak of virus increase but prior 
to the appearance of the gross viral lesion. 


VASOACTIVITY OF AZIDES IN HYPERTENSION. 
P. Comens (introduced by H. A. Schroeder *). Hyper- 
tension Div., Dept. of Internal Medicine, Wash- 
ington Univ. School of Medicine, St. Louis, Mo. 


Utilizing photoelectric plethysmographs, pho- 
tographic recordings were made in dogs after 


de, 
in 
se 
of 
e 
e 
U 
is 
F 
3 


138 Southern Society for Clinical Research 


intraarterial injections of choline azide (0.4 mg./ 
kg.) and sodium azide (0.1 mg./kg.). Both 
produced unilateral local vasodilatation in the 
extremities of ten normotensive dogs, more 
marked with choline azide. A mean drop in 
diastolic pressure of 33 mm. Hg at fifteen 
minutes for both was more prolonged with the 
choline salt. Toxic doses of the latter (4.0 mg./ 
kg.) caused marked electrocardiographic ab- 
normalities. —Itwo unanesthetized renal hyper- 
tensive dogs with blood pressures of 250/150 and 
300/160 mm. received ten daily oral doses of 
choline azide; mean diastolic pressures dropped 
44 to 64 mm. Hg for as long as five hours with 
recovery in twenty-four hours. When given 
intravenously, both drugs caused negligible late 
depressor effects in anesthetized normotensive 
rats. However, some operated animals showed 
significant diastolic depression only with choline 
azide. This agent administered  gastrically 
caused insignificant changes in normotensive 
but marked prolonged depression in hyperten- 
sive rats. Neither agent blocked the pressor 
action of nor-epinephrine zn vivo, although by the 
rabbit aorta strip method of Furchgott 0.05 mg. 
choline azide blocked the action of 2.0 y nor- 
epinephrine. Sodium azide (5.0 mg.) used for 
long periods in four hypertensive patients at 
four-hourly intervals caused little or no effect 
upon blood pressure. These results suggest that 
choline azide is a long acting vasodilator when 
given orally to rats and dogs. 


EFFECT OF L-TRIIODOTHYRONINE ON PROTEIN 
SYNTHESIS RATE MEASURED WITH GLYCINE 
IN PATIENTS WITH PRIMARY MyxEpDEMA. A. R. 
Crispell,* W. Parson* and G. F. Hollifield. Dept. 
of Internal Medicine, Univ. of Virginia School of 
Medicine, Charlottesville, Va. 


The amino acid pool and the protein syn- 
thesis rate has been determined in five patients 
with primary myxedema using isotopic nitrogen, 
N'*. The patients were studied under the usual 
metabolic regimen. An interesting but unex- 
plained finding was a moderate degree of 
positive nitrogen balance as determined by 
classic nitrogen studies. However, the protein 
synthesis rate as determined by the isotopic 
technic was consistently decreased in patients 
with myxedema. The average in the five patients 
was 379 mg./kg. per twenty-four hours (range 
180-490) as compared with an average of 
756 mg./kg. per twenty-four hours in five healthy 


volunteers (range 610-970). The size of the 
amino acid pool was not consistently altered. 

Studies will be presented which show that 
several days after first administering L-triiodo- 
thyronine there is no increase in the protein 
synthesis rate. However, after administering the 
L-triiodothyronine for six to nine months the 
protein synthesis rate was markedly increased. 
For example, in one patient there was an increase 
in protein synthesis rate from 350 mg./kg. per 
twenty-four hours to a high of 1,300 mg./kg. per 
twenty-four hours. 


HYPERACTIVITY OF THE BLOOD COAGULABILITY 
ConTROL MECHANISM—A PossIBLE CAUSE OF 
IRREVERSIBLE SHOCK. J. W. Crowell and W. L. 
Read (introduced by A. C. Guyton*). Dept. of 
Physiology and Biophysics, School of Medicine, 
Univ. of Mississippi, University, Miss. 

If an animal is bled until his arterial pressure 
is very low and this pressure level is maintained 
for a long period of time, a slowly falling blood 
pressure develops which continues to fall al- 
though the withdrawn blood is_ reinjected. 
Transfusion of additional blood or injection of 
sympathomimetic drugs has only a temporary 
effect, for the animal eventually dies. This is a 
type of irreversible shock. 

Experiments in our laboratory have shown 
that concurrent with the fall in arterial pressure 
there is also a fall in the coagulation time of the 
circulating blood and that this hypercoagulabil- 
ity predisposes to the formation of large numbers 
of very small blood clots. If hypotension con- 
tinues long enough for a major portion of the 
lung capillaries to be blocked, then the pul- 
monary resistance becomes so great that ade- 
quate circulation cannot be maintained. By use 
of large doses of heparin given before the begin- 
ning of the period of hypotension, the mortality 
rate from the hemorrhagic shock experiment is 
greatly lessened. Only one of ten dogs given 
heparin developed irreversible shock as com- 
pared with nine of ten dogs given no heparin. 


CLINICAL RESULTS WITH PENTOLINIUM IN TREAT- 
MENT OF HYPERTENSION; COMPARISON WITH 
HEXAMETHONIUM WHEN BoTH ARE USED IN 
COMBINATION WITH RaAuwo.riA. FE. Dennis, 
R. Ford, W. Hughes, R. Hershberger and J. H. 
Moyer.* Baylor Univ. College of Medicine, 
Houston, Tex. 

Recent reports by Freis and his co-workers 
have indicated that pentolinium is superior to 
other anti-hypertensive agents. In order to 
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evaluate the relative effectiveness of this agent, 
two groups of hypertensive patients were 
studied. Following adequate control observa- 
tions, fifteen patients in Group I were given a 
combination of Rauwolfia and pentolinium. 
Group II was composed of sixty patients who 
received a combination of Rauwolfia and 
hexamethonium as therapy for six months to a 
year; these patients were then given a combina- 
tion of Rauwolfia and pentolinium and the 
response rate, side reactions and tolerability 
of the drugs were compared. The results indi- 
cate that the small group of fifteen patients 
started on pentolinium and Rauwolfia (Group 
1) showed a 100 per cent response; 75 per cent 
of the patients in Group 1 responded to Rau- 
wolfia in combination with hexamethonium; 
73 per cent (forty-four patients) responded to 
Rauwolfia plus pentolinium; 10 per cent re- 
sponded to neither combination; 15 per cent 
responded to Rauwolfia and pentolinium who 
had not previously responded to Rauwolfia and 
hexamethonium. On the other hand, 17 per 
cent who were previously responsive to Rau- 
wolfia and hexamethonium were not respon- 
sive to Rauwolfia plus pentolinium. It is 
concluded that hexamethonium and _ pento- 
linium have a comparable effect in reducing the 
blood pressure when used in combination with 
Rauwolfia. The incidence and severity of side 
effects appears to be qualitatively similar but 
possibly less prolonged with pentolinium. 


CORRELATION OF VENTRICULAR ELECTROKYMO- 
GRAMS AND  KINETOCARDIOGRAPHIC ‘TRACES; 
APPLICATION TO STUDY OF MOVEMENTS OF THE 
HuMAN Heart. Eddleman, Jr. (introduced 
by T. R. Harrison*). Dept. of Medicine, Medical 
College of Alabama, and Medical Service, V. A. 
Hospital, Birmingham, Ala. 


Precordial chest wall movements (kineto- 
cardiograms) were studied in a number of nor- 
mal subjects as well as electrokymographic 
traces taken from many points of the ventricular 
borders. In addition simultaneous kineto- 
cardiograms and electrokymograms were ob- 
tained in a few subjects. The similarities be- 
tween the electrokymographic traces and the 
kinetocardiograms suggest that the movements 
of the precordium are primarily related to the 
movements and shape changes of the heart. By 
correlating the precordial movements with the 
electrokymographic traces from many points 
over the ventricular borders, a hypothesis for the 
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movements of the normal heart can be arrived 
at: (1) anterior swing of the heart .02 second 
after the onset of the QRS complex, probably as 
the result of right ventricular contraction, 
(2) shortening of the heart and right ventricu- 
lar inflow contraction, (3) apex thrust, possibly 
as the result of a physiologic aneurysm, (4) 
sphincteric squeeze of the entire ventricular 
walls, (5) elongation of the heart and inflow 
tract relaxation, (6) right ventricular relaxation 
with leftward and posterior swing of the heart, 
(7) filling and anterior rebound of the heart 
as the left ventricle relaxes. 


BLoop VOLUME IN PATIENTS WITH LAENNEC’S 
CrRRHOSIS AS DETERMINED BY RADIOACTIVE 
CHROMIUM TAGGED Rep CELts. S. Eisenberg 
(introduced by A. Goth*). Dept. of Internal Medi- 
cine, Southwestern Medical School of the 
Univ. of Texas, and the Medical Service and 
Radioisotopes Unit of the V. A. Hospital, 
Dallas, Tex. 

Twenty subjects with Laennec’s cirrhosis were 
studied by the radiochromium tagged red cell 
technic. Nineteen patients had ascites; none had 
bled for a four-month period prior to the study. 
Comparisons were made between pre- and post- 
treatment values and between these and the 
values in a group of twenty normal persons. 

Results: (1) Plasma volume was increased 
41 per cent and blood volume 29 per cent in 
patients with esophageal varices and/or cya- 
nosis; in the absence of these features these 
measurements were normal. (2) Despite low- 
ered hemoglobin values, the red cell mass was 
normal in the twenty subjects studied suggesting 
that the ‘‘anemia of liver disease’? may fre- 
quently be due to hemodilution. (3) In four 
cyanotic subjects the red cell mass was 49 per 
cent greater than normal. (4) Inconsistent 
changes in plasma volume followed clinical 
improvement and recession of ascites. 

These findings suggest in the absence of 
evidences of an expanded vascular bed or a 
stimulus to erythropoiesis, the blood volume in 
Laennec’s cirrhosis is normal; and ‘‘anemia of 
liver disease”’ is often a result of hemodilution. 


EFFECT OF CEREBRAL CORTICAL STIMULATION IN 
CATS UPON EPINEPHRINE ACTIVITY AS INDICATED 
BY BLoop Lactic Acip LEvE ts. R. W. Ferguson, 
M. G. Mitts, M. Bernhaut and E. C. Hoff (intro- 
duced by J. L. Patterson, Jr.*). Dept. of Medicine 
and Neurologic Science, Medical College of 
Virginia, Richmond, Va. 
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The present studies were undertaken to 
determine whether stimulation of cerebral 
cortical areas, known to mediate autonomic 
responses, would also evoke increased adrenal 
medullary activity. The blood lactic acid con- 
centration was used as the indicator of increased 
epinephrine secretion, since DiSalvo and col- 
leagues (1953) demonstrated its validity for this 
purpose, in the absence of muscular movement 
or hypoxia. Acute experiments were performed 
under ether anesthesia, using d-tubocurarine 
and intermittent positive pressure breathing. 
Inductorium or rectangular-wave stimuli lasting 
ten seconds were delivered at intervals to loci on 
left and right anterior gyri alternately over a 
period of one hour with resulting transient 
hypertension, pupillary dilatation and nictitat- 
ing membrane retraction. Blood lactic acid 
determinations made on fifteen stimulated cats 
and eleven unstimulated control animals (sub- 
jected to identical surgical procedures) showed 
a mean rise of 27 mg./100 ml. in the stimulated 
and 12.5 mg./100 ml. in the controls, a differ- 
ence statistically significant (p < .01). Cats 
prepared surgically the day prior to the experi- 
ment in order to diminish stress showed lower 
initial lactate concentrations and greater in- 
creases with stimulation. 

It is concluded that electrical stimulation of 
anterior sigmoid loci of the cerebral cortex 
causes increased secretion of epinephrine from 
the adrenal medulla. 


CEREBRAL BLoop FLow, CARbDIAC OurTpuT, 
CarbDIAC WorkK, MEAN ARTERIAL PRESSURE AND 
RiGHT HEART PRESSURE DURING POSTURAL 
SyNcoPE. fF. A. Finnerty, Jr., E. A. Partenope, 
J. F. Fazekas,* J. C. Rose and L. S. Lilienfeld. 
Dept. of Medicine, Georgetown Univ. School of 
Medicine and the Georgetown Univ. Medical 
Division, District of Co'umbia General Hospital, 
Washington, D. C. 


In an attempt to clarify the pathogenesis of 
postural syncope cerebral and cardiac hemo- 
dynamic studies were performed in the 40° 
head-up tilt. Cerebral hypoxia was induced by 
lowering the arterial pressure acutely with 
intravenous hexamethonium and/or by posture. 
In the heterogeneous group of forty-six subjects 
studied, although the level of arterial pressure at 
time of syncope varied between 100.7 and 40.9 
mm. Hg, signs of cerebral hypoxia developed 
when the cerebral blood flow was reduced to 
31.5 cc./min./100 gm. brain (standard error 


0.98). With the onset of cerebral hypoxia, right 
ventricular pressures decreased sharply, intra- 
cardiac pressure waves broadened and flattened, 
and direct Fick cardiac outputs measured in 
twelve subjects showed an average reduction of 
42.6 per cent with a range of 20 to 68 per cent. 
Cardiac work was reduced by more than 70 per 
cent in all patients, which together with the 
production of bradycardia explained the absence 
of angina and electrocardiographic changes. 

These observations are consistent with the 
concept that the mechanism of cerebral hypoxia 
was due to loss of vasoconstrictor tone which in 
these tilted subjects prompted failure of venous 
return, decrease in right ventricular pressure, 
decrease in cardiac output and finally, a 
decrease in cerebral blood flow below the critical 
level. 


METABOLIC EFFECT OF QUINIDINE; EVIDENCE 
SUGGESTING IMPAIRMENT OF GLUCOSE UTILIZA- 
TION. R. H. Furman* and R. P. Howard.* Cardio- 
vascular and Endocrinology and Metabolism 
Sections of the Oklahoma Medical Research 
Foundation, and the Dept. of Medicine, Univ. 
of Oklahoma School of Medicine, Oklahoma 
City, Okla. 

Since our initial report of nitrogen retention 
(‘‘protein anabolic effect’) during the adminis- 
tration of quinidine sulfate to human subjects, 
seven additional subjects have been studied. 
Complete metabolic balance studies were 
carried out in five, and significant nitrogen 
retention without salt or water retention was 
noted in four subjects. 

Studies of carbohydrate metabolism were 
carried out in three subjects: a forty-two year 
old man with remote myocardial infarction and 
two half-brothers, aged ten and six, with Von 
Gierke’s disease (hepatic only). Glucose toler- 
ance curves during quinidine administration 
revealed significantly impaired tolerance when 
compared with control curves. Because of the 
possibility that quinidine may alter cell per- 
meability to insulin, further tolerance studies are 
underway in additional subjects utilizing both 
glucose and fructose. According to Uyeki, 
Geiling and Dubois quinidine sulfate inhibits the 
oxidation of glucose, pyruvate and certain other 
substrates by rat heart slices, possibly by inhibit- 
ing transphosphorylating enzymes. 


EXPERIMENTAL BLOOD COOLING TO 1.5°C. WITH A 
PUMP-OXYGENATOR FOR OPEN CARDIAC SurR- 
GERY. F. Gollan (introduced by G. R. Meneely*). 
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Research Laboratory and Radioisotope Unit, 
Thayer V. A. Hospital, Nashville, Tenn. 


Cardiac surgery during hypothermia alone is 
limited by the short period of inflow occlusion 
and ventricular fibrillation; extracorporeal 
circulation has its drawback by the complexity of 
apparatus, the large coronary flow and the 
danger of air embolism. By a combination of 
the two approaches these difficulties were over- 
come. The entire venous return to the right 
heart was shunted into a pump-oxygenator, 
refrigerated and returned under pressure into 
the aorta. When satisfactory artificial oxy- 
genation was achieved the respirator was turned 
off. At 13°c. the heart stopped beating and the 
left atrium or ventricle was opened. The heart 
chambers were empty and, due to cardiac 
arrest, coronary air embolism did not occur. 
After about thirty minutes of cardiac arrest the 
heart was closed, the blood was rapidly re- 
warmed in the extracorporeal circulation and 
normal cardiac and respiratory functions re- 
turned. The lowest body temperature reached 
was 1.5°c. Thirteen dogs survived this procedure 
without evidence of cerebral or cardiac damage. 
Four animals died of postoperative complica- 
tions. Nine dogs were observed for one month. 


RELATIONSHIP OF RIGHT ATRIAL PRESSURE TO 
CarpiAc OutTpuT FoLLowinG MyYocarDIAL 
DaMaGE. A. C. Guyton,* A. W. Lindsey and B. N. 
Kaufmann. Dept. of Physiology and Biophysics, 
Univ. of Mississippi School of Medicine, Uni- 
versity, Miss. 

In quantitative experiments on dogs, the 
following dual effects of right atrial pressure on 
cardiac output have been studied: Increasing 


the right atrial pressure increases the filling 


pressure in the heart itself and therefore in- 
creases the cardiac output; this is the well 
known Starling’s law. Increasing the right atrial 
pressure also causes increased back pressure in 
the veins, which decreases the return of blood 
from the peripheral vessels to the heart. When 
these two opposing effects are equated, right 
atrial pressure automatically assumes a level 
which allows the venous return to the heart to 
equal the output from the heart. The quantity of 
blood pumped by the heart is determined not 
only by the filling pressure in the right ventricle 
but also by the integrity of the cardiac muscle 
itself, for a progressively damaged myocardium 
pumps progressively less blood at any given right 
atrial pressure. Increasing the blood volume 
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increases the right atrial pressure and partially 
overcomes the diminished cardiac output due to 
myocardial damage. Graphs have been con- 
structed to depict how varying degrees of myo- 
cardial damage and varying fluid volumes 
determine right atrial pressure and cardiac 
output simultaneously. 


MALIGNANT HYPERTENSION: INFLUENCE OF RETI- 
NOPATHY, UREMIA and UNDERLYING RENAL 
DisEASE ON MorTALITY AND SURVIVAL TIME. 
J. A. Hagans, A. A. Brust* and E. B. Ferris.* Dept. 
of Internal Medicine, Emory Univ. School of 
Medicine and Grady Memorial Hospital, 
Atlanta, Ga. 

Sixty-four patients with untreated malignant 
hypertension have been studied over an average 
observation period of four years. Duration of 
study was sufficient to evaluate the natural 
course since 88 per cent of the patients were 
dead at the close of the study. 

The presence or absence of uremia was the 
only important factor in mortality. Grade 3 
fundi, grade 4 fundi, underlying chronic renal 
disease or “‘essential’? hypertension did not 
influence mortality figures. Mortality for the 
period of study was strikingly less in those with- 
out uremia at initial contact (70 per cent); 
all patients with uremia were dead. Mortality 
was similar in patients with grade 3 and grade 4 
fundi (87 per cent and 88 per cent, respectively ) 
but the grade 3 patients survived much longer 
(18.8 months) than the grade 4 (3.3 months). 
This difference was in patients without uremia 
as there was no difference in survival time of 
patients with grade 3 and 4 fundi who had 
uremia initially (all this holds true in both 
chronic renal and essential hypertensive groups). 
Uremic patients with chronic renal disease lived 
longer (6.4 months) than uremic patients in the 
essential hypertensive group (1.3 months). 


HEMATOLOGIC STUDIES IN HEAT STROKE: THE 
ANEMIA OF HEAT STROKE WITH EMPHASIS ON A 
HEMOLYTIC COMPONENT. E. R. Halden, F. Jones, 
D. A. Sutherland and E. E. Muirhead.* Depts. of 
Medicine and Pathology, The Univ. of Texas 
Southwestern Medical School, Dallas, Tex. 


Fifteen patients with heat stroke were studied. 
The rectal temperature varied between 106— 
112°F. (10 between 108—112°Fr.). There were two 
age groups: seven aged thirty-two to fifty-four 
years (average, forty-six), eight aged sixty-three 
to ninety-seven years (average, seventy-five). The 
initial peripheral hemoglobin of 11.6-16 gm./ 
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100 cc. (average 13.6) decreased within about 
one week to 8.2-13.8 gm. (average, 10.7). 
There was no obvious blood loss. By autotrans- 
fusion the survival of the patient’s RBC was 
studied by the radiochromium method in thir- 
teen patients. An increased rate of RBC destruc- 
tion was detected in ten patients. The mean 
life-span values were: thirty to forty-five days for 
six, fifty to eighty days for four. Four-day stool 
urobilinogen in six patients averaged 242 mg. per 
day, giving a hemolytic index of about two times 
the upper limits of normal. Additional findings 
included: normal or slightly elevated WBC; 
slight reticulocytosis in five patients; thrombo- 
cytopenia in all (platelets < 100,000 in eleven); 
elevated ESR; elevated initial eosinophil count 
(680-1,300 per cu. mm.); prolonged clotting 
time in five patients; evidence of cell injury in 
the peripheral blood and bone marrow. 

The anemia of heat stroke is partly due to a 
hemolytic state and partly due to injury to the 
bone marrow. It is plausible to consider the 
hemolysis related to the capillary stasis of this 
condition. 


EFFECT OF RESERPINE ON THE HyYPOTHALMIC 
Presson Response. F. Harrison and A. Goth.* 
Dept. of Anatomy, Pathology and Pharmacol- 
ogy, The Univ. of Texas Southwestern Medical 
School, Dallas, Tex. 


The postulated hypothalamic site of action of 
reserpine was tested by direct electrical stimula- 
tion using the stereotaxic technic. Under chlo- 
ralose urethane anesthesia, blood pressure was 
recorded in twelve cats. The hypothalamus was 
stimulated repeatedly before and after the 
injection of reserpine (100-200 wug./kg.). In 
addition, epinephrine or L-norepinephrine was 
injected repeatedly in order to estimate vascular 
responsiveness to the sympathetic mediators. 
The following effects were observed following 
reserpine: progressive increase in responsiveness 
to injected epinephrine, gradual hypotension, 
bradycardia, moderate to marked decrease 
in the height and alteration of the shape of the 
pressor response to hypothalamic stimulation. 
The hypothalamic pressor response, following 
the initial depression, returned in some experi- 
ments to normal or even above. In these cases, 
however, there was such an exaggeration of the 
pressor effect of injected adrenergic drugs that 
this phenomenon may be due to increased 
vascular responsiveness rather than the return 
to normal sensitivity of neural structures. In 


acute spinal animals in which there is already 
hypotension and increased responsiveness to 
epinephrine, reserpine causes no further such 
effects. These results support the hypothesis that 
reserpine depresses the hypothalamus or its 
descending sympathetic pathways. 


SysTOLIC MOVEMENTS OF THE PRECORDIUM AND 
OF THE Bopy IN PATIENTS WITH BUNDLE BRANCH 
Biocx. 7. R. Harrison,* E. E. Eddleman and 
T. J. Reeves. Dept. of Medicine, Medical 
College of Alabama, and the Medical Service 
of the V. A. Hospital, Birmingham, Ala. 


In normal subjects there is a sharp inward 
movement of the parasternal region about .03 
second before the onset of the carotid upstroke. 
This is thought to represent right ventricular 
ejection. In patients with right bundle branch 
block the time from the beginning of the QRS to 
the onset of the carotid upstroke is slightly 
prolonged while the time from the onset of the 
QRS to the sharp parasternal inward movement 
is more markedly prolonged. In patients with 
left bundle branch block the time from the 
ECG onset to right ventricular ejection appears 
to be slightly prolonged while the time elapsing 
between the onset of the QRS and the beginning 
of the carotid upstroke is markedly prolonged. 
It would appear that the contraction of each 
ventricle contributes somewhat to expulsion by 
the other ventricle. The onset of the G-H up- 
stroke and of the H-I downstroke of the ballisto- 
cardiogram is markedly delayed in right bundle 
branch block but there is minimal or no delay in 
patients with left bundle branch block. This 
suggests that structures activated by the right 
bundle play a predominant role in the genesis of 
these headward-footward movements of the 
body. The precordial movements likewise tend 
to show alterations in the two conditions. 


RENAL HEMODYNAMIC RESPONSE TO PENTAPYR- 
ROLIDINIUM; COMPARISON WITH HEXAMETHONIUM. 
R. L. Hershberger (introduced by J. H. Moyer*). 
Baylor Univ. College of Medicine, Houston, 
Tex. 

Pentapyrrolidinium is a ganglionic blocking 
agent of the quaternary ammonium group 
structurally related to hexamethonium but 
believed to have fewer side effects. Since this 
agent has been reported to be superior to 
hexamethonium in the treatment of hyperten- 
sion, a series of patients was studied for the 
effects of pentapyrrolidinium on renal hemo- 
dynamics in hypertension. Nine patients re- 
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ceived continuous intravenous infusions and 
eight received single intravenous doses during 
renal clearance studies. ‘These were compared 
with previous studies using hexamethonium. It 
was shown that: (1) Pentapyrrolidinium pro- 
duced a more pronounced and prolonged hypo- 
tension than that produced by hexamethonium. 
(2) After initial reduction in mean blood pres- 
sure by both continuous infusion and single 
injection of pentapyrrolidinium, glomerular 
filtration rate and renal blood flow were signifi- 
cantly depressed. Three hours after a single 
injection these functions increased significantly 
and approached control levels despite main- 
tained hypotension. With continuous infusions, 
however, both GFR and RBF remained de- 
pressed. (3) Sodium and water excretion were 
depressed initially and remained depressed. (4) 
Potassium excretion was not significantly altered. 
The over-all effect of pentapyrrolidinium on 
renal hemodynamics was essentially the same as 
that found with intravenous hexamethonium. 
Differences found were a reflection of the 
greater reduction of pressure produced by 
pentapyrrolidinium. 


ACUTE ELEVATION OF HEPATIC VENOUS AND 
ARTERIAL SERUM PoTASsIUM DURING HyYPER- 
VENTILATION. J. B. Hickam,* W. P. Wilson and 
R. Frayser. Depts. of Medicine and Psychiatry, 
Duke Univ. School of Medicine, Durham, N. C. 


In the first one to two minutes of voluntary 
hyperventilation there appears a shift of the 
arterial CO: dissociation curve in a direction 
which considerably accentuates the alkalinity 
of the serum. This proves to result from an acute 
rise in serum potassium, averaging 1.3 mEq./L. 
after two minutes of hyperventilation (twelve 


_ subjects). In looking for the source of this potas- 


sium it was found that jugular venous and 
peripheral venous potassium concentrations are 
slightly below arterial, but that hepatic venous 
serum has a much higher potassium content 
during hyperventilation than blood from any 
other site. In four subjects the mean increase in 
hepatic venous potassium was 2.3 mEq./L. The 
mechanism of this outpouring of potassium 
from the splanchnic region during early 
hyperventilation is not yet established. 

This phenomenon accounts for about 25 per 
cent of the pH rise during early hyperventilation.. 
It may well play a significant part in certain of 
the phenomena associated with hyperven- 
tilation, such as tetany, electrocardiographic 
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changes, and possibly some of the acute vaso- 
motor responses. The mechanism of this potas- 
sium rise may be related to that reported to 
occur when severe respiratory acidosis is 
abruptly relieved by overventilation, as in 
anesthesia during thoracic surgery. 


METABOLIC AND PsycHOLoGic Asso- 
CIATED WITH COLLEGE Rowinc. S. Richardson 
All, Jr.. H. M. Fox, B. Murawski, S. J. Gray, 
J. R. St. Mare and G. W. Thorn (introduced by 
T. R. Harrison*). Dept. of Medicine, Peter 
Bent Brigham Hospital, and Harvard Medical 
School, Boston, Mass. 


This study was designed in an attempt to 
clarify further the role of the adrenal cortex 
and various psychologic factors in the human 
response to stress. The subjects were members 
of a 1954 college varsity crew studied for six 
days during the final two weeks of preparation 
for the four-mile Harvard-Yale race. Eosinophil 
counts were taken at 9 a.m., 5 P.M. and 9 P.M. 
Four-hour urine specimens were collected from 
9 A.M. to 9 p.M. and one specimen from 9 P.M. to 
9 a.M. for determination of the 17-hydroxy- 
corticoid, 17-ketosteroid and uropepsin excre- 
tion. Psychologic measurements included two 
Rorschach tests, individual Thematic Apper- 
ception Tests and personal interviews. 

The eosinophil response showed a mean 20 
per cent increase on the control day, a 30 per 
cent decrease on the regular practice day, a 69 
per cent decrease on the time trial day and a 70 
per cent decrease on the race day, over the same 
5 to 9 p.m. period. The 17-hydroxycorticoid and 
17-ketosteroid data revealed highly significant 
(P < .01) differences between individuals and 
between the race day as compared to the control 
and practice days, with no significant difference 
between values on the control day as compared 
with the practice day. On race day there was an 
obliteration (P < .01) of the daily diurnal de- 
crease in 17-hydroxycorticoids. Certain correla- 
tions have been made between metabolic 
response and personality structure. 


STUDY OF THE QUANTITATIVE RELATIONSHIP 
BETWEEN ANTIDIURETIC HORMONE AND RENAL 
TUBULAR REABSORPTION OF WATER. W. Hol- 
lander, Jr.. T. F. Williams, C. C. Fordham, III, and 
L. G. Welt.* Dept. of Medicine, School of 
Medicine, Univ. of North Carolina, Chapel Hill, 
N. C. 


The rate of excretion of urine and the clear- 
ance of free water during physiologic diabetes 
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insipidus have been compared with those values 
observed during various constant rates of 
infusion of pitressin,® in healthy young adult 
males. A positive balance of water of approxi- 
-mately 1 L. was maintained throughout each 
study. 

At relatively constant rates of solute excretion, 
the changes in the rates of excretion of urine 
(AV) and clearance of free water (ACq,o) are 
approximately equal and represent the in- 
creased rate of renal reabsorption of water 
resulting from the administered pitressin. At 
rates of infusion of pitressin between one and 
twenty milli-units per hour, the increase in 
rate of renal tubular reabsorption of water 
appears to vary as an exponential function of the 
rate of administration of pitressin according to 
the equation: ACy,o = 2.7 (pitressin rate)?->. 
Although not yet established unequivocally, the 
generality of this or a similar relationship is 
suggested by the high degree of statistical signifi- 
cance with which the data fit this equation. 

It is inferred that, in the range studied, the 
increase in renal tubular reabsorption of water 
promoted by pitressin is approximately a func- 
tion of the square root of the rate of administra- 
tion of pitressin. 


ABSORPTION, TRANSPORT AND EXCRETION OF Cu®! 
IN THE NORMAL HUMAN AND IN PATIENTS WITH 
WItson’s DisEAsE. W. NV. Jensen and H. Kamin 
(introduced by T. B. Schwartz.*) Depts. of Medicine 
and Biochemistry, Duke Univ. School of 
Medicine, and V. A. Hospital, Durham, N. C. 


Non-isotopic copper studies have shown that 
there is a constant increase in brain and liver 
copper content, hypocupremia and_ hyper- 
cupuria in Wilson’s disease. 

Cu®* was administered orally to four normal 
subjects and three patients with Wilson’s 
disease. Radiocopper content of blood, plasma, 
urine and feces was measured over a sixty-hour 
period. All normals had an initial peak of 
plasma non-globulin-bound radiocopper, a 
decline during the next six to eight hours; fol- 
lowed by a second, progressive increase present 
during the remainder of the study. The second- 
ary rise consists of globulin-bound radiocopper. 
In Wilson’s disease there was no secondary rise 
in total plasma or globulin-bound radiocopper. 
Urinary excretion correlated with the increased 
plasma non-globulin radiocopper. Fecal excre- 
tion of radiocopper was decreased. 

It is suggested that copper is transported from 
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the intestine to the liver; incorporated into a 
copper-globulin complex and released to the 
plasma. The initial peak of non-globulin-radio- 
copper represents leakage around the copper- 
globulin binding mechanisms when these are 
presented with increased quantities of copper. 
One defect in Wilson’s disease consists of a 
metabolic block at the copper globulin synthesis 
and/or release stage. Other abnormalities in 
copper metabolism may be secondary to this 
defect. 


ANALYSIS OF THE CHEMICAL EVENTS AND THEIR 
INTERRELATIONSHIPS WITH ALTERATIONS IN ECG 
DurRING RESPIRATORY ACIDOSIS AND ALKALOSIS. 
S. B. Joyner, D. A. Davis, D. T. Young, E. Craige 
and L. G. Welt.* Univ. of North Carolina School 
of Medicine, Chapel Hill, N. C. 


The chemical alterations induced by respiring 
high concentrations of COs, and hyperventila- 
tion with room air, have been studied in three 
groups of dogs as follows: (1) simultaneous 
arterial and central venous blood, (2) simul- 
taneous arterial, peripheral and hepatic venous 
blood, and (3) arterial blood samples in experi- 
ments conducted forty-eight hours following 
nephrectomy and injection with inulin. The 
effects of hypercapnia are: decrease in pH, 
increase in pCQOz, increase in inulin space, and 
an accession of sodium, potassium, glucose 
and phosphorus to the inulin space. The incre- 
ment of sodium and potassium appears to be 
derived from the muscles, glucose from the liver 
(splanchnic area), and phosphorus from both. 
Hyperventilation promotes: an increase in pH, 
and a decrease in pCQOs, an increase in the 
inulin space is again observed, and _ larger 
increments of sodium and potassium, with 
smaller accessions of glucose, and inconstant 
increments of phosphorus to the inulin space. 
Sodium appears to leave muscle and liver, 
potassium is lost from liver but gained by muscle. 
The liver releases glucose, and both liver and 
muscle release phosphorus. 

he alterations in the ECG are not con- 
sistently predictable in terms of pH, pCO, or the 
concentrations of potassium in serum. 


RENAL SODIUM REGULATION: A COMPARISON OF 
THE EFFECT OF RECUMBENCY AND NECK Com- 
PRESSION. G. A. Kelser, Jr.. H. L. Izlar, 
E. H. Estes, Jr. and J. V. Warren.* Dept. of 
Medicine, Duke Univ. School of Medicine, and 
V. A. Hospital, Durham, N. C. 
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Sodium excretion has been reported to in- 
crease upon changing from the sitting to the 
recumbent position and upon compressing the 
neck of normal sitting subjects. Observations 
have been made on eight healthy individuals to 
estimate the magnitude of the effect of these 
maneuvers. Hourly urinary sodium values were 
obtained on a control day with the subjects ina 
sitting position drinking 200 ml. of a 0.14 per 
cent sodium chloride loading solution every 
thirty minutes. The fifth through the eighth 
hours were designated test periods. In the test 
period on subsequent days either the horizontal 
position was assumed or a cuff was inflated 
around the neck toa pressure of 20 mm. Hg in the 
sitting position. 

Recumbency produced a significant increase 
in sodium excretion in the seventh, eighth and 
ninth hours when compared with the control 
day (p < 0.01) and with the control period on 
the test day (p < 0.01). However, the values on 
the neck compression day were not significantly 
different from the control day (p > 0.5) or the 
control period on the test day (p > 0.5). It is 
concluded that this experimental design affords 
a valid method of investigation not only of the 
presence of sodium regulatory mechanisms but 
of their comparative importance. 


Errects oF ACTH AND ROTHANE ON THE RENAL 
CLEARANCE OF THIOSULFATE. W. M. Kelsey, 
E.. H. Yount, and J. M. Little.* Depts. of Pediatrics, 
Medicine and Pharmacology, Bowman Gray 
School of Medicine of Wake Forest College, 
Winston-Salem, N. C. 


During the course of a study of the effect of 
ACTH and rothane on renal function in the dog 
137 simultaneous measurements of C thiosulfate 
-and C inulin were made under four circum- 
stances: (1) control, (2) ACTH, (3) rothane 
and (4) rothane plus ACTH. ACTH increased 
the C thiosulfate and statistically altered the C 
thiosulfate C inulin ratio when compared to 
control values. Rothane lowered the C thio- 
sulfate and also resulted in an altered C thio- 
sulfate/C inulin. Rothane plus ACTH raised 
the C thiosulfate above control values but not 
to the level when ACTH was given alone. 
Pregnant dogs responded differently than non- 
pregnant animals when ACTH was given. 


It is suggestive that in the dog the renal . 


clearance of thiosulfate approximates the GFR 
but does not actually measure it since it is 
significantly less than the C inulin. During 
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ACTH administration the C thiosulfate equals 
the C inulin. This suggests that ACTH de- 
creases the renal tubular absorption of thio- 
sulfate. Increase in the excretion of thiosulfate 
was not accompanied by detectable changes in 
electrolyte or water re-absorption. 


EFFECTS OF ANGIOTONIN ON PULMONARY ARTERY 
PRESSURES OF ACUTE GOLDBLATT Docs. W. L. 
Kenoyer, L. G. May, A. Bennett, S. Y. Tsai and 
R. Gregory.* John Sealy Memorial Laboratory 
and Dept. of Internal Medicine, Univ. of 
Texas Medical Branch, Galveston, Tex. 


Pulmonary artery pressures are normal in 
hypertensive patients. We have observed that 
this is true in dogs made chronically hyper- 
tensive by the Goldblatt method. It was further 
noted that angiotonin was capable of elevating 
pulmonary artery pressures as well as systemic 
pressures in normotensive and _ hypertensive 
patients and dogs. 

Since long-standing renal hypertensive dogs 
may have normal pulmonary artery pressures 
due to some adaptive mechanism, it was thought 
necessary to make similar studies in dogs made 
acutely hypertensive. Seven dogs were made 
hypertensive by the Goldblatt technic. Pul- 
monary artery and systemic pressures were 
measured in these animals before and at inter- 
vals following the development of systemic 
hypertension. In no case was the pulmonary 
arterial pressure elevated. In six dogs angiotonin 
was given during the acute phase of systemic 
hypertension. Each dog responded to angiotonin 
with an elevation of pulmonary and a further 
elevation of systemic pressures. 

These data do not support the concept that 
acute renal hypertension in dogs is due to 
angiotonin. 


CONCENTRATION OF TETRACYCLINE IN THE SERUM 
FOLLOWING PARENTERAL ADMINISTRATION. B. 
Kent, E. Shoemaker, E. Townsend, B. Bennett and 
E. M. Yow.* Baylor Univ. College of Medicine, 
and the Jefferson Davis and V. A. Hospitals, 
Houston, Tex. 


This study was designed to evaluate the level 
of tetracycline attained in the serum, the time 
of peak levels and the duration of significant 
levels following parenteral administration of the 
antibiotic. Fifty patients were given either single 
intramuscular injections, single intravenous 
injections or intramuscular injections at eight- 
hour intervals over a five-day period. ‘The doses 
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ranged between 50 mg. and 500 mg. of the 
antibiotic. An additional group of patients with 
either hepatic or renal impairment were given 
the antibiotic and were compared with the 
normal patients. Serum was collected at inter- 
vals over a twenty-four-hour period following 
single injections and daily in those patients 
receiving multiple injections. The concentration 
of the drug in the serum was determined by the 
twofold serial dilution method. 

Following single intramuscular injections 
peak levels were reached in four hours, signifi- 
cant levels being sustained for eight hours fol- 
lowing 100 mg. injections and twelve hours 
following larger doses. These levels were ap- 
proximately twice as high as levels previously 
reported for equivalent oral doses. A tendency 
toward accumulation was noted only within 
250 mg. multiple doses. High levels were at- 
tained by intravenous administration of the 
drug, however, these were of shorter duration 
than those following intramuscular injection. 


RENAL RESPONSE TO AMMONIUM CHLORIDE 
AcIpDosIs IN GLYCOSURIC OSTEOMALACIA. L. H. 
Kyle, * J. J. Canary and R. J. Meyer. Dept. Medi- 
cine, Georgetown Univ. School of Medicine, 
Washington, D. C. 


Renal tubular disorders associated with 


osteomalacia comprise two major groups. One is 


characterized by hyperchloremic acidosis, and 
the skeletal demineralization is attributed to 
cation loss secondary to impaired urinary 
acidification. The other group, known as the 
Fanconi syndrome, manifests glycosuria and 
other reabsorptive defects. Although acidosis 
may occur in this type of tubular insufficiency, 
its mechanism has received inadequate study. 
Blood and urinary changes were followed dur- 
ing induction of ammonium chloride acidosis in 
three patients with glycosuric osteomalacia. The 
first patient, who had the infantile form of the 
disorder with cystinosis, showed a normal serum 
chloride, low bicarbonate and loss of bicarbonate 
in the urine. Acid loading caused no increase in 
ammonia production. The second patient 
demonstrated numerous reabsorptive defects 
and the chemical pattern of hyperchloremic 
acidosis. Minimal augmentation of urinary 
ammonia and titratable acidity resulted from 
administration of chloride. The third patient 
had glycosuria and hyperphosphaturia but the 
serum chloride and bicarbonate concentrations 
were normal. In this case, renal base-sparing 


mechanisms responded normally to administra- 
tion of ammonium chloride. 

These studies indicate that the two renal 
syndromes are not clearly separable and suggest 
the presence of factors other than cation loss in 
causation of osteomalacia. 


EFFECT OF BLoop ‘TRANSFUSIONS IN PATIENTS 
WITH PERNICIOUS ANEMIA. B. S. Leavell* and 
J. D. Mason, Jr. Dept. of Internal Medicine, 
School of Medicine, Univ. of Virginia, Char- 
lottesville, Va. 


In 1946 Davidson et al. reported that in 
pernicious anemia in relapse multiple trans- 
fusions caused erythropoiesis to change from 
megaloblastic to normoblastic without other 
therapy. Subsequent administration of liver 
extract produced reticulocytosis only if the 
erythrocytes were less than 5 million. These 
results were attributed to the abolition of 
anemia anoxia. Because these findings were 
somewhat unexpected a similar study has been 
made and is the subject of this report. 

The effects of transfusions of whole blood or 
packed erythrocytes sufficient to produce a 
normal hematocrit have been studied in four 
patients with untreated pernicious anemia. 
Bone marrow aspirations were studied before 
and after transfusion and after Bi. therapy. In 
each patient erythropoiesis remained megalo- 
blastic until Biz was given although in some 
instances a shilt from early megaloblasts to more 
mature forms occurred. In every patient the 
absolute reticulocyte count decreased following 
transfusions. Subsequent administration of By» 
produced a definite though small response in the 
reticulocytes. The peak of this response occurred 
in eight to ten days. One patient who received 
only 250 cc. of plasma before Byz had a normal 
reticulocyte response. 

It is concluded that in these patients megalo- 
blastic erythropoiesis was depressed by trans- 
fusions but normoblastic maturation did not 
occur without specific therapy. 


RELATION BETWEEN THE ZONA RETICULARIS AND 
THE ZONA FASCICULATA OF THE ADRENAL 
CoRTEX AND RENAL HEMOpyYNAmics. J. M. 
Little,* E. H. Yount and W. M. Kelsey. Depts. of 
Physiology and Pharmacology, Medicine and 
Pediatrics, and the Laboratories of the A. H. 
Robins Co., Inc., Bowman Gray School of 
Medicine of Wake Forest College, Winston- 
Salem, N. C. 
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Inulin and PAH clearances were obtained in 
each of ten unanesthetized dogs on three days to 
establish control levels. The dogs then received 
daily intramuscular injections of ACTHAR-¢gel, 
100 mg./M2? for ten to twelve days, and the 
clearances were repeated between the fourth and 
twelfth day of administration. In twenty-nine 
determinations, each the average of three 
periods, the mean changes in function and the 
range compared to the controls were: Cin, +43.7 
per cent (+6 per cent to +95 per cent); 
Cpan, +52.4 per cent (—1 per cent to +117 per 
cent). Five dogs received rhothane (DDD) in 
daily oral doses of 14.5—200 mg./kg. for seven to 
sixty-six days. In fourteen determinations the 
mean changes from control and the range were: 
Cin, —21.5 per cent (+13 per cent to —44 per 
cent); Cpay, —13.4 per cent (+16 per cent to 
—30 per cent). While continuing rhothane, 
ACTH administration was repeated. In nineteen 
determinations the mean changes from control 
and the range were: Cj,, —3.2 per cent (+12 
per cent to —19 per cent); Cpay, +7.1 percent 
(+42 per cent to —16 per cent). Four dogs 
received rhothane (200-300 mg./kg. for seven to 
fourteen days) and ACTH simultaneously. In 
ten determinations the mean changes from con- 
trol and the range were: Cin, +16.5 per cent 
(+54 per cent to —5 per cent); Cpay, +17.7 
per cent (+39 per cent to —6 per cent). The 
animals remained in good health without special 
care. Autopsies showed no renal damage and 
varying degrees of adrenal atrophy confined to 
the inner two zones. Conclusion: Alterations of 
the level of function of the zonae reticularis and 
fasciculata affect the GFR and RPF in the dog 
without appreciably altering the electrolyte 
balance. 


EFFECTS OF ACUTE ALTERATIONS IN CARBO- 
HYDRATE METABOLISM ON THE NET SPLANCHNIC 
KETONE PRODUCTION IN MAN. H.. T. McPherson, 
E. E. Werk, F. L. Engel* and J. D. Myers.* Dept. 
of Medicine, Duke Univ. School of Medicine, 
Durhan, N. C. 


Utilizing hepatic venous catheterization, we 
have previously reported a technic for studying 
net splanchnic ketone production (NSKP) 
quantitatively in man before and after the 
intravenous infusion of sodium octanoate, a 
known ketone precursor. The present study 
concerns the effects on NSKP of acute altera- 
tions in carbohydrate metabolism in mildly ill 
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males with non-metabolic illnesses, studied in the 
postabsorptive state. 

Four groups of subjects were studied: (1) the 
control group receiving octanoate alone; (2) 
those receiving glucose mixed with octanoate; 
(3) those receiving glucose + insulin mixed 
with octanoate; and (4) a group studied three 
hours after a brief period of hypoglycemia. 


| NSKP During 
Group Basal wm/min./| Na Octa- 
M? noate 
Control (octanoate 
A 34 158 +124 
+ + + 
5.20 6.86 7.36 
Glucose in octanoate. 35.8 106.3 +70.5 
| + 
6.00. | 23.37 18.34 
Glucose + insulin in 
octanoate......... 36.6 125 +88 .4 
+ 
12.06 17.14 6.07 
Three hours after 
hypoglycemia... .. 160.7 266.3 105.6 
+ = + 
46.0 43.5 27.8 


In both the glucose and glucose + insulin 
groups there was a statistically significant reduc- 
tion in the increment of NSKP expected during 
octanoate infusion. Three hours after a brief 
period of hypoglycemia there was a markedly 
increased basal NSKP; however octanoate 
infusion induced no greater rise in NSKP than 
that of the control groups. The relationship of 
these quantitative findings to the so-called 
‘“Somogyi effect’? noted clinically will be 
discussed. 


EVALUATION OF RADIOSULFATE AS A MEASURE OF 
EXTRACELLULAR VOLUME IN EDEMATOUS Pa- 
TIENTS. L. L. Madison, H. C. Teng, D. W. Seldin, * 
A. F. Reid and R. MacDonald. Depts. of Internal 
Medicine and Biophysics, Southwestern Medical 
School of The Univ. of Texas, Dallas, Tex. 


To evaluate radiosulfate as a means of meas- 
uring extracellular volume in edematous states, 
three approaches were planned in order to 
circumvent lack of adequate reference stand- 
ards: the time of diffusion equilibrium was 
empirically determined by comparing concen- 
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trations of S** simultaneously in plasma, edema 
and ascites for fifteen hours; the validity of 
calculations of the S*® space was tested by 
comparing theoretic time curves of appearance 
of S** in edema fluid with experimental curves; 
decrements in extracellular volume (diuresis or 
paracentesis) were compared with changes in 
radiosulfate space in the same subjects. Eleven 
edematous subjects were studied and eight 
restudied when edema-free. 

Results indicate that radiosulfate is a suitable 
agent for measuring extracellular volume in 
edematous states for the following reasons: (1) 
mean time for diffusion equilibrium between 
plasma and ascitic fluid is 5.5 hours and between 
plasma and edema fluid is 11.3 hours; (2) mean 
changes in radiosulfate space from edematous 
state (24.8 L.) to edema-free state (11.4 L.) com- 
pared favorably with decrements in _ extra- 
cellular volume reflected by decreases in weight 
(13.6 kg.); (3) theoretic (derived from plasma 
data only) and experimental time curves of 
appearance of S** into edema fluid were in 
excellent agreement. 


SoME METABOLIC CHARACTERISTICS OF ]UBER- 
cuLous ANIMALS. S. P. Martin,* R. Green and 
C’. D. Cooper. Depts. of Medicine and Bacteriology, 
Duke Univ. School of Medicine, Durham, N. C. 


Tissues of animals infected with Mycobacte- 
rium tuberculosis have a low succinic dehydro- 
genase activity and this can be restored by a 
nucleotide from normal tissue. The activity of 
this nucleotide can be duplicated by coenzyme A 
which has been treated with nitrous acid. This 
study deals with other metabolic effects noted in 
tuberculous animals. 

Studies were carried out on the ability of 
infected animals to acetylate paraaminobenzoic 
acid. Control and infected guinea pigs were 
given 1 mg. of paraaminobenzoic acid and urine 
collected over a twelve-hour period. The free 
and acetylated derivatives were measured. The 
degree of acetylation in the control animals was 
0.883 + 0.037, in the infected animals 0.635 + 
0.075 mg. (p < 0.02). Studies were also carried 
out on non-protein sulfhydryl content of the 
tissues. The kidneys of infected animals have 
an elevated non-protein sulfhydryl content. 
Control values were 77 + 3 mg. of glutathione 
per 100 gm. of tissue compared with 107 + 9 
(p < 0.01) for the infected animals. 

It is suggested that these changes indicate 
disturbance in metabolism of high energy 


compounds and in protein synthesis which may 
account for part of the clinical picture of this 


disease. 


MixING IN BIOLOGICAL SysTEMs. G. R. Meneely.* 
Research Laboratory and Radioisotope Unit, 
Thayer V. A. Hospital, and Dept. of Medicine, 
Vanderbilt Univ. School of Medicine, Nashville, 
Tenn. 

A differential equation may be derived from 
the assumptions that the rate of mixing or disap- 
pearance of tracer substances is not only propor- 
tional to concentration but also inversely 
proportional to time. The integral of this 
equation Is: 

Exponential form: y = Cyt~* 
Log form: log y = —k log t + log C). 


Since the tracer is already at a finite dilution 
when introduced the paradox of divergence of 
the time integral at zero time is resolved. This 
formulation or one derivative from it provides 
extraordinarily closely fitting curves to the most 
diverse sorts of biological mixing data such as the 
disappearance of radiopotassium from the blood 
of rats, of radiosodium from the blood of man, of 
radiobromine from the blood of the dog, of 
diiodotyrosine from the blood of the rat, of 
methenamine mandelate from the blood of man, 
and of helium mixing in the human lung. By 
double logarithmic plot it is easy to test whether 
given data may be fitted and the constants C, 
and k may be evaluated directly. 


RELATIONSHIPS BETWEEN HALF-SECOND EXPIRA- 
TORY Capacity TEsT AND LUNG VOLUMES AND 
INDEXES OF INTRAPULMONARY GAS DISTRIBUTION 
IN EIGHTY-FIVE PATIENTS WITH VARIOUS PUL- 
MONARY DisorpDERS. W. F. Miller, R. L. John- 
son, Jr. and Nancy Wu (introduced by D. W. 
Seldin*). Dept. of Internal Medicine, South- 
western Medical School of The Univ. of Texas, 
Dallas, Tex. 

By plotting in a quadrantic system pulmonary 
stroke volume (estimated from vital capacity) 
and velocity air-flow (estimated from half-second 
expiratory capacity, 0.5 Sec. EC), precise 
expressions of the nature and extent of ventila- 
tory insufficiency are obtained. By this method 
ventilatory defects were characterized as: ob- 
structive (decreased velocity air-flow), restrictive 
(decreased pulmonary stroke volume), and 
combined. To examine the significance of 
ventilatory disturbances revealed by this analysis 
the anatomic extent of disorders was estimated 
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from residual volumes and total capacities, 
while their physiologic significance was esti- 
mated from indexes of intrapulmonary mixing. 
The obstructive group revealed normal or 
increased total capacities (TC = 133 + 33 per 
cent) and residual volumes (RV = 149 + 32 
per cent). The restrictive group revealed de- 
creased to normal TC (74 + 11 per cent), and 
normal to increased RV (94 + 29 per cent). 
The combined group showed normal to de- 
creased TC (87 + 14 per cent) and decreased 
to increased RV (136 + 50 per cent), depending 
on the extent of the obstructive component. 
Thus classification of ventilatory defects by 
0.5 Sec. EC tests correlates well with anticipated 
anatomic alterations in lung volumes. The 0.5 
Sec. EC correlated excellently with the index of 
intrapulmonary mixing (r = 0.924). Thus veloc- 
ity air-flow determines in part effective ventila- 
tory gas exchange. 

The classification of ventilatory disturbances 
by 0.5 Sec. EC test provides excellent insight into 
the anatomical nature of the disturbances as 
well as their physiologic significance. 


TREATMENT OF HYPERTENSIVE EMERGENCIES 
WITH PARENTERAL RESERPINE. J. H. Moyer, * 
W. M. Hughes, W. C. Daeschner, Jr. and 
E. W. Dennis.* Baylor Univ. College of 
Medicine, Houston, Tex. 


Three groups of hypertensive patients were 
treated with reserpine by parenteral administra- 
tion for periods varying from one to seventeen 
days: (1) severe, progressive, hypertensive car- 
diovascular disease (ten patients with malignant 
hypertension and four patients with severe, 
benign essential hypertension); (2) toxemia of 
_ pregnancy (six patients); and (3) acute glomer- 
ulonephritis in children (eight patients). The 
drug was administered at intervals of four to 
twenty-four hours either intravenously or intra- 
muscularly in doses of 2.5 to 5 mg. in adults 
and 25 to 100 ug./kg. of body weight in children. 
The blood pressure response after administration 
of reserpine was characterized by a latent period 
of one to three hours following which the blood 
pressure usually decreased to normotensive or 
moderately hypertensive levels for a duration of 
two to twenty-four hours or longer. All of the 
patients except one obtained a significant reduc- 


tion in blood pressure and 70 per cent became: 


normotensive in the supine position. Excessive 
hypotension was rarely observed. Papilledema 
disappeared in seven of eleven patients, and hy- 


JuLty, 1955 


pertensive encephalopathy was relieved in four 
of six patients. It is concluded that parenteral 
reserpine is an effective and safe agent for the 
therapy of hypertensive emergencies. 


ROLE OF FEMALE GENITAL FUNCTION IN CREA- 
TINE METABOLISM AS REVEALED BY THE SERUM 
CREATINE TOLERANCE Test. J. H. Peters,* 
R. Snyderman and J. C. Crutoher. Investigative 
Medicine Service, V. A. Hospital, Atlanta, Ga.; 
Dept. of Medicine, Emory Univ. School of 
Medicine, Emory University, Atlanta, Ga.; and 
the Dept. of Research Medicine, Univ. of 
Pittsburgh School of Medicine, Pittsburgh, Pa. 


The sex differences long-recognized in crea- 
tine metabolism have been indirectly explained 
by the demonstration that androgen therapy 
Can suppress creatinuria in preadolescent boys 
and in disease states. However, since the female 
gonads might still be a factor in the main- 
tenance of creatine intolerance in females, 
studies were undertaken using serum creatine 
tolerances. Normal females were compared with 
postmenopausal individuals and with patients 
previously subjected to ablation of ovarian 
and/or uterine function by surgery or radiation. 

Results indicate that the relative creatine 
intolerance characteristic of the adult female is 
not affected by the presence or absence of 
functioning sex organs, but the findings do sug- 
gest that inability to dispose of exogenous 
creatine in serum increases with age independent 
of gonadal status. From these findings it may be 
concluded that androgen secretion in the male, 
rather than female sex function, is responsible for 
the well known difference in creatine metabolism. 


Factors INFLUENCING PULMONARY COMPLIANCE 
IN HEART DisEAsE. W. W. Pryor, J. B. Hickam,* 
EI. B. Page and H. O. Sieker. Dept. of Medicine, 
Duke Univ. School of Medicine, Durham, N. C. 


In congestive heart failure the lungs become 
stiff (low compliance). The role this change in 
pulmonary distensibility plays in producing 
cardiac dyspnea has stimulated considerable 
interest. However, little has been done to define 
the effect of pressure changes in the various 
partitions of the pulmonary vasculature and 
parenchymal alterations on compliance. Pa- 
tients with mitral stenosis, apparent primary 
pulmonary hypertension, pulmonary stenosis 
and normal subjects receiving rapid infusions of 
albumin were studied to find some of the answers 
to this problem. Compliance is measured as: 
lung volume change (liters) /intraesophageal 
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pressure change (cm. H2O) (normal .170 + .05 
lying). 

Results revealed (1) “‘PC”’ pressure need not 
be elevated since subjects with apparent primary 
pulmonary hypertension had low compliance 
(e.g. average .090); (2) all patients with 
elevated pulmonary artery pressure had reduced 
compliance (e.g. mitral stenosis .075, pulmonary 
hypertension .090); (3) subjects with pulmonary 
stenosis have compliance values which are high 
normal (e.g. .205); (4) normal subjects have a 
fall in compliance following rapid infusion of 
albumin in amount!sufficient to elevate central 
venous pressure 6-8 mm. Hg (e.g. control .123, 
after albumin .087). 

Conclusions: (1) pulmonary hypertension is 
associated with stiff lungs; (2) elevation of 
‘*PC” pressure is not necessary for this change; 
and (3) permanent parenchymal changes need 
not be present. 


CLINICAL EVALUATION OF IRON ‘TURNOVER 
Stupiges. C. E. Rath, R. Peterson and P. McCurdy 
(introduced by H. Jeghers*). Dept. of Medicine, 
Georgetown Univ. School of Medicine, Wash- 
ington, D. C., and the National Inst. of Health, 
Bethesda, Md. 


Following the studies of Huff on the rate of 
plasma clearance and red cell utilization of 
intravenously injected radioactive iron, there 
has been considerable dispute regarding the 
clinical value of such studies. The present report 
deals with a clinical evaluation of plasma and red 
cell radioiron turnover in twenty patients 
(twenty-eight turnovers) and a comparison of 
the findings with those in fifteen normal adult 
males and females. 

The patients studied included iron deficiency, 
refractory anemia, anemia of Addison’s disease, 
hemochromatosis, a variety of hereditary hemo- 
globin abnormalities, aplastic anemia, myeloid 
metaplasia, uremia, cirrhosis and acquired 
hemolytic anemia. 

It is concluded that iron turnover rate 
studies, when properly interpreted, give valid 
information regarding marrow function and red 
cell destruction and that the information thus 
obtained is of value in selecting patients for 
splenectomy and in the diagnosis of certain 
obscure anemias. Calculations of value include 
the metabolic iron pool size, number of pools 
turned over per day, mg./Fe turned over per 
day, per cent and rate of incorporation of RaFe 
into circulating red cells, and per cent red cell 
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mass turned over per day. Substantiating data 
will be presented. 


BroLocic DeEcAY RATES AND EXCRETION OF 
Raprocesium, Cs!*4, in Docs. C. T. Ray,* G. E. 
Burch* and S. A. Threefoot.* Tulane Univ. School 
of Medicine, New Orleans, La. 


Aspects of cesiokinetics were studied with Cs!*4 
in three dogs observed continuously under 
metabolically controlled conditions for forty- 
seven days. Cl**, Na?* and K** were studied 
simultaneously. The data indicated: (1) 0.4 to 
0.8 of Cs'** in the plasma was transferred per 
minute to the extraplasma compartments and 
0.04 to 0.06 of that in the extraplasma compart- 
ments returned to the plasma per minute. 
(2) Half of the injected tracer was excreted in 
the urine and stools in seventeen to thirty-nine 
days, twenty-seven to forty-six days being 
required to excrete half in the urine alone. From 
50 to 55 per cent of the injected dose was 
recovered in urine, 8 to 14 per cent in stools, 8 
to 37 per cent remaining in the body. (3) At no 
time was equilibrium of distribution reached. 
(4) Rates of urinary clearance of Cs'** varied 
from 43 to 57 per cent of K%%. (5) Cs'#4 is not as 
satisfactory a tracer of K*° as is Rb*®. 


CoRONARY BLoop FLOw AND MyYocaARDIAL 
CARBOHYDRATE METABOLISM IN MITRAL STENO- 
sis. J. L. Read, R. R. Porter* and S. C. Bradford. 
Cardiovascular Section of the Medical Service 
and Cardiovascular-Pulmonary Research Labo- 
ratory, McGuire V. A. Hospital, and the 
Cardiovascular Div. of the Dept. of Medicine, 
Medical College of Virginia, Richmond, Va. 


In six patients with advanced mitral stenosis, 
the coronary blood flow was measured using the 
technic of coronary sinus catheterization and the 
nitrous oxide method of Kety and Schmidt. 
Cardiac output was determined by the Fick 
principle. In addition, direct analyses were 
made of the coronary A-V differences of oxygen, 
glucose, lactate and pyruvate. 

The coronary blood flow was reduced in all 
cases, with a range of 57 to 74 cc./100 gm./min. 
compared to the normal range of 91 to 103 cc./ 
100 gm./min. The coronary A-V oxygen differ- 
ence varied from 9.5 vol. per cent to 15.38 vol. 
per cent compared to the normal range of 10.00 
to 12.00 vol. per cent. The cardiac index in the 
six cases was reduced, with a range of 1.36 to 
3.93 L./min./M? and a mean of 2.35. The mean 
coronary glucose A-V difference was 5.5 mg. per 
cent compared to the normal of 2.66 mg. per 


AMERICAN JOURNAL OF MEDICINE 


Southern Society for Clinical Research 151 


cent. The mean coronary lactate A-V difference 
was 1.93 mg. per cent and the mean coronary 
pyruvate A-V difference was 0.65 mg. per cent, 
essentially normal values. 

The significantly reduced coronary blood flow 
indicates either a reduced requirement for 
coronary blood flow or an inability to maintain 
a normal coronary flow because of the stenotic 
mitral valve. Since the reduction in coronary 
blood flow correlated with the reduction in 
cardiac index, with the increase in the coronary 
oxygen A-V difference and with the calculated 
left ventricular efficiency, it would appear that 
the latter is the most likely explanation. Because 
of the reduced coronary blood flow, adaptive 
mechanisms apparently allow a greater extrac- 
tion of glucose than normally occurs with a 
given arterial glucose level. 


ACUTE EFFECTS OF MERCUHYDRIN ON CARDIAC 
OutTepuT AND URINARY ExcRETION. A. Ruskin 
(introduced by R. Gregory*). The Univ. of Texas 
Medical Branch, Galveston, Tex. 


Right intracardiac pressures have been found 
by Lenégre to decline right after mercurial 
administration, indicating a possible immediate 
improvement in cardiac output before its direct 
renal effects in heart failure. 

Twelve patients were given 2 cc. of mercu- 
hydrin intravenously. ‘Iwo fifteen-minute 
control periods were compared to three fifteen- 
minute postdrug periods. In seven subjects not in 
heart failure urine sodium and chloride (mEq. / 
min.) rose rapidly in all. Urine potassium rose 
in three, but fell later below control levels in six 
cases. Urinary volume rose significantly in four 
patients. Venous pressure varied irregularly. 
Cardiac output (ballistocardiographic) rose 
immediately in four cases (excitement?) but 
declined (later especially) in six, remaining 
unchanged in one. Five heart failure patients all 
showed rapid rises in sodium, then chloride and 
water excretion, a rise 1n potassium excretion in 
four cases and a fall in one case. Venous pres- 
sure fell rapidly in four patients, and was 
unchanged in one; later ascended in _ two. 
Cardiac output fell early in three cases, but rose 
after diuresis in four of five patients above control 
levels. 

The results reaffirm the primary renal mecha- 
nisms of mercurial diuresis, and the secondary 
cardiac effects. 


EFFECT OF HEXAMETHONIUM-INDUCED GANGLI- 
ONIC BLOCKADE ON RENAL FUNCTION IN PATIENTS 


jury, 1955 


WITH CONGESTIVE HEART FarLureE. H. W. 
Schnaper, R. D. Kovach and E. D. Freis.* V. A. 
Hospital and the Georgetown Univ. Hospital, 
Washington, D. C. 


The improvement in cardiovascular function 
recently reported by Kelley, Freis et al. and 
Brodh and coworkers following administration of 
ganglionic blocking agents to patients in con- 
gestive heart failure prompted the current 
investigation into the physiologic changes in 


renal function in patients in congestive failure in 


response to acute doses of hexamethonium. 
It was found in eight control studies that renal 
plasma flow (RPF) was diminished and glo- 
merular filtration rate (GFR) proportionately 
less diminished in the subjects with congestive 
failure, resulting in an increased filtration frac- 
tion (FF). After intravenous dosage of hexa- 
methonium sufficient to cause ganglionic in- 
hibition, as measured by sustained diminution in 
blood pressure and mydriasis plus conjunctival 
injection, both GFR and RPF decreased in four 
cases in the first fifteen to thirty minutes, with 
little resultant change in FF. After this initial 
drop, and despite continued inhibition of the 
ganglionic impulses, RPF and GFR _ both 
returned to control values or above, keeping FF 
relatively unchanged. In four cases there was no 
drop in RPF and GFR after hexamethonium 
injection, and in two cases the rebound values 
exceeded the control values. 

These data are at odds with those reported by 
Brodh and coworkers who found a significant 
increase in RPF in congestive failure patients 
following blockade with dibenzylene. 


SPECIFIC THERAPY FOR SALICYLATE POISONING. 
G. E. Schreiner, L. B. Berman, J. Griffin and J. Feys 
(introduced by L. H. Kyle*). Dept. of Medicine, 
Georgetown Univ. Hospital, Washington, D. C. 


Salicylates account for 4 per cent of fatal 
poisonings due to solids and liquids in the United 
States. Surprisingly little data are available on 
fatal dosages, blood levels, distribution of 
salicylate, protein binding, etc. There has been 
no specific therapy. Abel in 1913 removed 
salicylate from animals by vividiffusion. Doolan 
et al. reported removal of some salicylate from a 
human during one hour of dialysis. Successful 
dialysis has not been reported. 

This report concerns a patient who ingested 
210 gm. of aspirin and was comatose with 
hyperthermia, hyperpnea, ketosis, absent corneal 
reflexes and a blood salicylate level of 90 mg. per 


a 
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cent. Dialysis resulted in rapid clinical and 
chemical recovery. Hypoprothrombinemia did 
not become normal until forty-eight hours after 
the salicylate level was zero. 

Preliminary calculations derived a volume of 
distribution for salicylate compatible with 
extracellular fluid. Studies of protein binding 
showed no interference with dialysis. The 
clinical course is compared with a patient who 
ingested a smaller amount of aspirin but had a 
similar blood level and was treated supportively. 
The amount of salicylate recovered in the bath 
in six hours in Case 1 exceeded that recovered in 
the urine in 144 hours in Case 2. 


ANTIHYPERTENSIVE EFFECT OF METAL BINDING 
AGENTS. H. A. Schroeder,* H. M. Perry, Jr. and 
EE. M. Menhard. Hypertension Div., Dept. of 
Internal Medicine, Washington Univ. School of 
Medicine, St. Louis, Mo. 


Non-neurogenically acting antihypertensive 
agents (thiocyanate, nitroprusside, azide, hydra- 
zinophthalazines, mercaptans) have in common 
an afhnity for transition and nearby metals. 
Therefore, 5 mg. each of a series of nine disodium 
ethylenediamine tetraacetates (EDTA) of in- 
creasingly tightly bound divalent metals was 
assayed for vasoactivity in groups of normo- 
tensive and renal hypertensive rats, blood pres- 
sure being recorded on a Sanborn electro- 
manometer. The significant changes occurred 
in hypertensive but not normotensive animals, 
mean diastolic pressure being depressed 30, 42, 
28, 43, 60 and 50 mm. Hg by hydrogen, calcium, 
manganous, chromous, ferrous and _ cobaltous 
chelates, respectively, and less than 20 mm. by 
zinc, cupric and nickelous chelates. Vasoactivity 
became negligible when the log Kz of the chelate 
exceeded 16.5, indicating tight binding. Similar 
differential effects were observed with the 
tetrahydrogen and lesser with the magnesium 
chelates while the ferric was pressor. A poly- 
aminocarboxylic acid and 8-hydroxy quinoline 
were likewise depressor only in hypertensive 
rats. Zinc, ferrous and manganous ions as 
chlorides were relatively inert, nickelous was 
pressor and cobaltous differentially depressor. 
No marked effect was observed after oral or 
parenteral calcium or magnesium EDTA in 
hypertensive patients. These results are con- 
sistent with the zn vivo binding of metal, the logs 
Ke of which approximate 16.5 for EDTA. 


CEREBRAL CIRCULATORY EFFECT OF THE ADMIN- 
ISTRATION OF 3 PER CENT CO, TO SUBJECTS WITH 


CHRONIC PULMONARY INSUFFICIENCY. W. Sensen- 
bach, L. Madison and S. Exsenberg (introduced by 
E. S. Sulkin*). Dept. of Internal Medicine, 
Southwestern Medical School of The Univ. of 
Texas, and the Dept. of Medicine, V. A. Hospi- 
tal, Dallas, Tex. 


CO, 3 per cent, Oz 21 per cent, CO» 3 percent, 
and Oy, 97 per cent were administered to four- 
teen subjects with chronic pulmonary insuff- 
ciency. Arterial Os» saturation, pCO: and pH 
were determined before and after, CBF at the 
end of, each breathing period. 

Administration of 3 per cent COs, 97 per cent 
O, significantly changed CBF (47 per cent 
increase) and CVR (25 per cent decrease); 
CBF, CVR were unaltered by 3 per cent COs, 
21 per cent Ov; CMR Os, CMR glu. did not 
change with either mixture. Arterial Op» satura- 
tion increased (86-93 per cent) with 3 per cent 
COsz, 21 per cent Oz and 3 per cent COs, 97 per 
cent O» (82-100 per cent). pH did not change 
with either mixture. The most striking finding 
was the unexpectedly small rise in arterial 
pCO, after inhalation of the CO: mixtures, 
when compared to the marked hypercapnea 
produced with 100 per cent Ox. 

The findings suggest that cerebral circulatory 

changes accompanying administration of high 
oxygen mixtures to subjects with chronic pul- 
monary insufficiency are more intimately re- 
lated to changes in arterial O2 saturation than to 
changes in blood pH or pCOs. The slight rise in 
arterial pCO, despite administration of CO» 
loads suggests the existence of chemoreceptors in 
the lung sensitive to increased COz tension of 
inspired air. 
TREATMENT OF POSTURAL HYPOTENSION WITH A 
COUNTERPRESSURE GARMENT. H. O. Sieker, J. B. 
Burnum, J. B. Hickam* and RK. E. Penrod. Dept. 
of Medicine, Duke Univ. School of Medicine, 
Durham, N. C. 


Postural hypotension may be a severe dis- 
abling illness which is difficult to treat. Experi- 
mentally, counterpressure to the lower half of 
the body will prevent symptoms. For this pur- 
pose a garment has been developed which 
consists of tailored graded-pressure nylon-elastic 
knit trousers that apply 15 to 20 mm. Hg 
pressure. 

To study the hemodynamic effects of this 
garment, an air-filled full-pressure anti-g suit 
which applies a similar pressure was used on 
eight postural hypotensive patients. Arterial 
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pressure, cardiac output and pulmonary arterial 
pressure were determined while supine and 
erect, unprotected and protected. The suit 
alleviated the symptoms including: syncope 
which occurred with standing. The average 
fall of mean arterial pressure with tilt was 
45 mm. Hg unprotected and 8 mm. Hg pro- 
tected. With tilt the average decrease in cardiac 
output was 46 per cent without counterpressure 
and 21 per cent with counterpressure. The mean 
pulmonary arterial pressure fell 6-8 mm. Hg 
with release of counterpressure while standing. 
This evidence indicates that the pressure suit 1s 
effective by increasing peripheral arterial re- 
sistance and venous return to the heart. 
Individually tailored elastic garments have 
been used in three of the severest cases of postural 
hypotension for twelve to twenty-two months. 
The suit has been practical and successful in 
returning these patients to useful activity. 


ELECTROMAGNETIC MEASUREMENT OF BLOOD 
FLOow THROUGH INTACT HuMAN ARTERIES. 
M. P. Spencer, A. B. Denison, Jr., W. F. McGuire 
and R. T. Myers (introduced by H. D. Green”). 
Depts. of Physiology and Pharmacology, Urology 
and Surgery, Bowman Gray School of Medicine 
of Wake Forest College, Winston-Salem, N. C. 


Measurements of blood flow through intact 
blood vessels has been made practical by a recent 
development of the electromagnetic method of 
flow recording. The sources of instability of 
previous systems have been considerably reduced 
by use of a square-wave magnetic field and an 
AC amplifier containing a chopping circuit to 
eliminate electrode voltages induced during 
reversal of the magnetic field. 

The unit applied to the blood vessel consists of 
a small U-shaped electromagnet imbedded in 
plastic with a slot at the open end to accom- 
modate the vessel and provided with two stain- 
less steel electrodes. The size and shape of this 
magnet electrode assembly is altered to meet the 
particular application. The vessel unit can be 
sterilized and is easily applied. The sensitivity 
of each unit, determined by in vitro calibrations 
of blood forced through an artery or vein, is 
linear and constant. 

To date the meter has been applied to the 


renal artery in four instances of nephrectomy 


and to the femoral artery during replacement of 
a thrombosed segment with a vein graft. These 
and other applications will be discussed. 


Juty, 1955 


THE ANEMIA OF UREMIA: HEMOLYTIC STATE 
MEASURED BY THE RADIOCHROMIUM METHOD. 
D. A. Sutherland, S. McCall, F. Jones and E. E. 
Muirhead.* Radioisotope Unit, Dallas V. A. 
Hospital, and the Depts. of Medicine and Pa- 
thology, The Univ. of Texas Southwestern 
Medical School, Dallas, ‘Tex. 


The anemia of chronic uremia was studied in 
eleven patients by means of the autotransfusion 
of CR®*! tagged RBC. Two patients revealed 
normal RBC survival indicating a bone marrow 
dysfunction only. ‘The RBC survival was signif- 
icantly lowered in the remaining nine patients as 
indicated by the following values (in days) 
for the mean life-span: twenty-five, thirty, 
thirty, thirty, thirty-five, forty, forty-five and 
fifty-five (normal values eighty to ninety days). 
In two cases the same shortened life-span ob- 
tained by autotransfusion was detected by 
transfusion of tagged RBC from the uremic 
patients into normal subjects. The transfusion 
of normal RBC into one of these patients yielded 
a normal life-span. 

Four normal dogs were subjected to bilateral 
nephrectomy and no dialysing procedure. Four 
days later the RBC from the uremic animals 
were tagged with Cr*! and transfused into nor- 
mal dogs. The mean life-span of these RBC was 
fifteen days (normal eighty to ninety days). 

The anemia of uremia in most of these exam- 
ples resulted in part from a hemolytic state due 
apparently to alterations of the RBC. Indica- 
tions for a bone marrow dysfunction were also 
noted. 


ACUTE EFFECT OF HEPARIN ON CEREBRAL BLOOD 
FLOW AND CEREBRAL METABOLISM. R. W. Talley 
(introduced by P. L. Day*). Dept. of Medicine, 
Univ. of Arkansas School of Medicine, Little 
Rock, Ark. 

Studies of the cerebral blood flow (CBF), 
cerebral oxygen utilization (CMROz), cerebral 
vascular resistance (CVR), and cerebral glucose 
utilization (CMRG) were made before and after 
a large dose of heparin in eleven aged patients. 
All of these patients were in a state hospital for 
nervous and mental disease and had varying 
degrees of mental deterioration apparently due 
to cerebral arteriosclerosis. 

There was no correlation between degree of 
mental deterioration and the rate of CBF. 
Forty-eight to seventy-two hours after the con- 
trol study the patient was given 200 mg. of 
heparin intravenously. Three hours after the 
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administration of the heparin a repeat cerebral 
blood flow study was made. The studies before 
and after the administration of heparin were 
compared and no statistical difference in the 
CBF, CMRO:.2, CVR and CMRG was found. 
The average values of the CBF, CMRO:, CVR 
and CMRG before and after heparin were as 
follows: 


CBF | CMRO:;| CVR | CMRG 
Before 33.8 ae 3.4 4.5 
| 3.4 4.2 
| | 


INFLUENCE OF THIOURACIL AND METHIMAZOLE 
(‘“TAPAZOLE’’) ON THYROID FUNCTION IN Docs 
WITH SPECIAL REFERENCE TO SERUM CHOLES- 
TEROL CHANGES. S. ¥. Tsai, L. G. May, V. A. 
Stembridge and R. Gregory* (with the technical 
assistance of A. Bennett, M. Kobayashi, M. 
Finley and J. R. Bateman). John Sealy Memorial 
Laboratory and Dept. of Internal Medicine and 
Pathology, Univ. of Texas Medical Branch, 
Galveston, Tex. 

It has been suggested that the hypercholes- 
terolemia in dogs receiving thiouracil may be 
due to a specific effect of the drug on serum 
cholesterol rather than to its antithyroid action. 
The absence of hypercholesterolemic effect of 
methimazole when given in a single daily dose 
would seem to support this hypothesis. The 
present study is designed to clarify these points. 

Fifteen healthy mongrel dogs were divided 
into three groups: (1) no medication, (2) 
thiouracil in a single daily dose for two to three 
weeks and (3) methimazole five doses per day 
for three weeks. Serum cholesterols, PBI, 
histologic changes and thyroid I[-131 uptakes 
were studied. Hypercholesterolemia and depres- 
sion of thyroid [-131 uptake was observed in 
groups 2 and 3 but not in group 1. Serum PBI 
was found to normally low (Barker’s method) 
and showed no significant change after the 


administration of thiouracil or methimazole. 
Histologic studies are in progress. 

As hypercholesterolemia induced by thouracil 
and methimazole (in daily divided doses) 
correlates with decreased thyroid [-131 uptake, 
it is concluded that thiouracil does not have a 
specific effect on serum cholesterol and _ that 
hypercholesterolemia is a manifestation of 
induced hypothyroidism. The significance of 
normally low PBI in dogs will be discussed. 


THE PERMEABILITY OF CAPILLARIES TO LARGE 
Mo ecutes. K. Wasserman and H. S. Mayerson.* 
Dept. of Physiology, Tulane Univ. School of 
Medicine, New Orleans, La. 


This study of capillary permeability to large 
molecules was stimulated by observations of 
transudation from the circulation of infused 
plasma and normal saline solutions containing 
relatively large molecular weight solutes. We 
have followed the rates of disappearance of large 
molecules from plasma and their appearance and 
concentration in thoracic duct lymph. The 
leakage of larger molecules from plasma and 
their appearance in lymph is inversely related 
to their molecular weight when plasma volume 
and rate of plasma transudation are constant. 
Even relatively large molecules (dextran— 
average M. W. = 412,000) get into lymph, 
albeit in small amounts. The plasma-lymph 
gradients are influenced markedly by the size of 
the infusion volume. When the ratio of infusion 
to plasma volume is large, the plasma-lymph 
concentration gradient of all large molecules in 
circulation falls and the lymph flow increases 
regardless of the type of colloidal solution in- 
volved. This indicates that the permeability of 
the capillary wall to albumin, globulin and all 
large molecules is increased. The decreased 
gradient is the result not only of a fall in plasma 
but a rise in lymph solute concentration. ‘These 
results are interpreted in terms of the pore 
theory as signifying a stretching of the capillary 
wall pores consequent to high capillary pressure 
from the increased volume in the circulation. 
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Case Reports 


Retroperitoneal Pneumography in the 
Diagnosis of Retroperitoneal Lymphomatous 
Neoplasms” 


RALPH M. Myerson, M.D. and GEORGE T. WOHL, M.D. 
Philadelphia, Pennsylvania 


HE diagnosis and demonstration of retro- 

| peritoneal lymphomatous neoplasms is a 

serious and difficult problem. In most 
such cases physical examination, laboratory tests 
and conventional roentgenologic studies are 
unrevealing. 

We have found retroperitoneal pneumog- 
raphy induced by the presacral insufflation of 
air to be a useful adjunct in the demonstration 
of retroperitoneal Hodgkin’s disease and leu- 
kemic nodes when other diagnostic methods 
have failed. This procedure has _ provided 
valuable diagnostic and prognostic information 
with a minimum of discomfort and risk to the 
patient and has been of value in selection of the 
type of therapy. 


TECHNIC 


The technic of presacral air injection is not 
difficult. With the patient in the knee-chest 
position, the skin just distal and to one side of 
the tip of the coccyx is cleaned and infiltrated 
with a local anesthetic. A 3 inch, 16 gauge needle 
is directed obliquely upward, inward and for- 
ward under the coccyx in such a manner that its 
point comes to rest in the presacral, retrorectal 
fatty areolar tissue. An examining finger is kept 
in the rectum to insure proper position of the 
needle. The usual technic has been modified by 
the use of an 18 inch length of No. 50 polyeth- 
ylene tubing which is threaded through the 
needle. The latter is removed and the tube 
strapped to the patient. Using a 50 cc. syringe, 
three-way stopcock and an adaptor fitted to the 


tubing, air is injected under fluoroscopic guid- 
ance. The polyethylene tubing makes it possible 
to give the injection conveniently and facilitates 
positioning of the patient so that an adequate 
amount of air is delivered in the desired location. 
About 1,000 cc. has been required for the aver- 
age patient. 

Routine stereoscopic frontal and single lateral 
roentgenograms are obtained as soon as possible 
after the injection. In addition, body section 
films of the upper and lower retroperitoneal areas 
are taken. When involvement of one side in 
particular is suspected, better delineation may 
be obtained if the roentgenograms are repeated 
after the patient has rested on the opposite side 
for twenty to thirty minutes. Some degree of 
mediastinal emphysema is present in some pa- 
tients after several hours in the upright position, 
and in several cases this has been sufficient to 
obtain satisfactory mediastinal pneumograms. 

No complications have been noted in a series 
of twenty patients studied in this manner. 
Transient abdominal and _ subdiaphragmatic 
discomfort has been present in most patients. 
Air embolism is apparently rare, only one such 
catastrophe (and that non-fatal) having been 
reported.' Mosca reviewed 1,500 cases in which 
retroperitoneal pneumography was performed 
without serious complication.” Because of its 
rapid absorption and probable greater margin 
of safety, oxygen has been used by most 
operators. Air has the advantage of being more 
conveniently administered and with its use 


_ there is a better possibility of outlining the 


mediastinum. 


* From the Departments of Radiology and Medicine, Veterans Administration Hospital, Philadelphia, Pa. 
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Fic. 1. Anteroposterior Bucky film of normal retroperi- 
toneal pneumogram: a, liver; 6, spleen; c, kidneys; d, . 
right adrenal gland; e, left adrenal gland. Arrows indi- 
cate appearance of the normal psoas musculature and 


midline retroperitoneal structures. 


Figure 1 demonstrates a normal retroperito- 
neal pneumogram. In addition to excellent 
delineation of the kidneys, adrenal glands, liver 
and spleen, the normal width and _ general 
appearance of the psoas muscles and midline 
retroperitoneal area is demonstrated. 

The following typical cases are presented in 
which retroperitoneal pneumography was of 
value in the demonstration of retroperitoneal 
lymphomas. | 


CASE REPORTS 


Case. J. R., a thirty year old white man, 
had had Hodgkin’s disease since 1949, mani- 
fested by recurrences of cervical lymph node 
enlargement. He had been treated by both x-ray 
and nitrogen mustard with temporary remis- 
sions. His last course of therapy had been given 
eight months prior to admission, following which 
he had been well for about seven months. One 
month prior to entry persistent backache and 
malaise developed and on June 26, 1953, he was 
admitted to the Veterans Administration Hos- 
pital in Philadelphia. Physical examination, 
laboratory tests and routine roentgenographic 
studies, including an intravenous urogram, were 
unrevealing. Retroperitoneal pneumography 


Retroperitoneal Pneumography— Myerson, Wohl 


(Fig. 2) revealed a large midline mass. X-ray 
therapy to the back gave prompt symptomatic 
improvement. 

Case ul. E. B., a forty-two year old Negro 
man, had had chronic lymphatic leukemia since 
1950. Therapy had consisted of local x-ray, 
nitrogen mustard and triethylene melamine. He 
was admitted to the Veterans Administration 
Hospital on October 5, 1953, with a one-month 
history of fatigue, leg cramps and abdominal 
swelling. 

Physical examination revealed generalized 
lymphadenopathy and a moderate degree of 
ascites. The white blood cell count was 33,000 
per cu. mm., of which 80 per cent were mature 
lymphocytes, 5 per cent lymphoblasts, 10 per 
cent smudge cells and 5 per cent polymorpho- 


_nuclear leukocytes. The remainder of the labora- 


tory studies were negative except for a moderate 
anemia. Roentgenograms of the chest revealed 
bilateral hilar lymphadenopathy. Gastroin- 
testinal x-rays and an intravenous urogram were 
negative. [The routine abdominal roentgenogram 
and stereoscopic frontal views of the abdomen 
after retroperitoneal pneumography were inter- 
preted as being within normal limits. Lamina- 
grams of the lower retroperitoneal area, how- 
ever, revealed significant nodal enlargement. 
(Fig. 3.) Whole body x-ray therapy produced 
dramatic improvement in all respects and the 
patient was asymptomatic and had a normal 
hemogram when last seen in July, 1954. 

CasEm. J. D., a twenty-eight year old white 
man, had had Hodgkin’s disease since 1952, 
manifested initially by cervical lymphadenop- 
athy. Therapy with nitrogen mustard and x-ray 
had produced remissions. 

In February, 1954, the patient was admitted 
to the Veterans Administration Hospital in 
Philadelphia with complaints of pain in the 
lumbar region, fever and malaise. Retroperito- 
neal involvement was suspected but physical 
examination, laboratory tests, conventional 
roentgenograms and retroperitoneal pneumog- 
raphy were negative. Symptoms persisted and 
a repeat presacral air study in July, 1954, 
revealed a definite mass. (Fig. 4.) Localized x-ray 
therapy is contemplated. 

Case Iv. J. C., a forty-one year old white 
man, had had Hodgkin’s disease since 1951, 
initially manifested by cervical lymphadenop- 
athy. Therapy had consisted of x-ray therapy 
and nitrogen mustard. The patient had been 
well for a period of two and a half years, follow- 
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Fic. 2. Case 1, J. R. Hodgkin’s disease. Anteroposterior Bucky film in which arrows indicate large retroperitoneal 
mass. 

Fic. 3. Case un, E. B. Chronic lymphatic leukemia. Laminograhic study of lower midline retroperitoneal area 
following pneumography. Arrows indicate enlarged nodal masses. 


4 5 
Fic. 4. Case m, J. D. Hodgkin’s disease. Laminographic study following retroperitoneal pneumography showing 
midline retroperitoneal mass. | 
Fic. 5. Case 1v, J. C. Hodgkin’s disease. Laminographic study following retroperitoneal pneumography. Arrows 
indicate retroperitoneal mass. 
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ing which weakness, cough, dyspnea and pain in 
the back developed. He was admitted to the 
Veterans Administration Hospital in Phila- 
delphia with these complaints on August 13, 
1954. Physical examination at this time revealed 
pallor, malnutrition, generalized lymphadenop- 
athy and splenomegaly. Laboratory studies were 
not remarkable except fot a moderate anemia. 
Roentgenogram of the ‘chest revealed large 
mediastinal nodes. Other roentgenographic 
studies, including an intravenous urogram, were 
normal. Body section films after retroperitoneal 
pneumography revealed a midline retroperito- 
neal mass in the lumbar region. (Fig. 5.) The 
patient is being treated with nitrogen mustard. 
Air has been utilized in roentgenology for 
many years as a means of contrast to differentiate 
tissues and organs situated in media of homo- 
geneous density. In 1921, Carelli? introduced air 
into the renal fascia to outline the kidneys and 
adrenals. Following the work of Ruiz Rivas*® 
the presacral technic for production of retro- 
peritoneal pneumography gradually supplanted 
perirenal insufflation. Numerous articles have 
been published attesting to the value of this 
procedure for the demonstration of abnormali- 
ties of the kidneys and adrenal glands. 
Retroperitoneal pneumography is well suited 
for the demonstration of midline retroperitoneal 
neoplastic masses. It must be emphasized that a 
negative study does not rule out the presence 
of pathologic changes. Receni experience with its 
use in the demonstration of metastatic nodes 
from testicular tumors would seem to indicate 


that retroperitoneal pneumography will not 
satisfactorily demonstrate lesions less than 4 cm. 
in diameter. 


SUMMARY 


Retroperitoneal pneumography is a valuable 
adjunct in the diagnosis and demonstration of 
retroperitoneal lymphomatous neoplasms. 

Modification of the usual technic by the use of 
a polyethylene catheter for administration of the 
gas is recommended. Fluoroscopy and_ body 
section roentgenography are believed to be 
important additions to the usual roentgeno- 
graphic technic. 

Four typical cases are presented in which 
retroperitoneal pneumography was helpful in 
the demonstration of retroperitoneal lymphoma- 
tous masses. 
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Rupture of Aortic Aneurysm into the 
Pulmonary Artery” 


Report of a Case Proved by Cardiac Catheterization 


Davin Buttross, JR., M.D. and JOHN SALATICH, M.D. 


Lake Charles, Louisiana 


UMEROUS Cases of rupture of an aortic 
aneurysm into the pulmonary artery 
have been reported in the literature 

during the past decade or so, and the clinical 
picture produced by this event has been ade- 
quately described so that at least a presumptive 
antemortem diagnosis can be made in many 
cases.!~® ‘There is, however, only one report in 
which the diagnosis was proved by cardiac 
catheterization.” The purpose of this report is to 
add another such case and discuss the diagnosis 
and pathophysiology of this condition. 

Up to the present, eighty-five cases of aortic 
aneurysm with rupture into the pulmonary 
artery have been reported.!~* Only seven were 
diagnosed before death. During the past year 
two cases were diagnosed at this hospital; one 
antemorten (case reported herein), the other 
postmortem. 

The great majority of aneurysms of the thoracic 
aorta are in the ascending portion, and in view 
of the intimate relationship of the pulmonary 
artery to the ascending aorta one wonders why 
there is not a greater incidence of rupture into 


‘this vessel. 


The onset of this disorder may be very acute, 
with extreme dyspnea, cough and precordial 
pain. Rarely the patient is relatively asympto- 
matic, complaining of mild to moderate dyspnea. 
The subsequent course is probably dependent in 
part on the size of the fistula. The patient may 
have progressive signs of right heart failure. 
The pulse pressure is wide and other peripheral 
arterial signs typical of aortic insufficiency are 
present. A systolic or continuous thrill is felt 
over the pulmonic area, and a continuous 


machinery-like murmur with systolic accentua- | 


tion is heard over the same area. X-ray of the 


New Orleans, Louisiana 


chest usually reveals evidence of aneurysm of 
the thoracic aorta and occasionally a prominent 
pulmonary conus, the latter sometimes being 
obscured by the aneurysm. The electrocardio- 
gram usually reveals right axis deviation or right 
ventricular hypertrophy. 

Patients with this disorder may die suddenly 
with the onset of the rupture or live for days or 
months, the average duration of life being three 
to four weeks. The longest survival time recorded 
is four years, reported by Clerc.’ This, however, 
is very unusual, and there is some question as to 
the time of onset in this case. 

This condition is most frequently misdiag- 
nosed as aortic insufficiency but several points 
may be kept in mind to guard against this error. 
The continuous character of the murmur is in 
marked contrast to the to-and-fro murmur of 
aortic insufficiency. In the electrocardiogram 
right axis deviation is the rule, while in aortic 
insufficiency left axis deviation with left ventric- 
ular hypertrophy is characteristic. ‘he peripheral 
arterial signs are the same in both conditions. 
Increased pulsation of the pulmonary artery is 
frequently seen in cases of aortic-pulmonary 
fistula whereas in cases with aortic insufficiency 
there is prominent pulsation of the aorta. The 
aortic second sound is present in the former but 
tends to be absent in the latter condition. 

Patent ductus arteriosus enters into the differ- 
ential diagnosis. A negative past history of 
cardiac symptoms or signs is helpful. The onset 
is not nearly as abrupt or drastic in patent ductus 
as in the acquired communication, and positive 
serologic reactions for syphilis and evidence of 
aortic aneurysm favor the diagnosis of acquired 
aortic-pulmonary fistula. The machinery-like 
murmur is characteristic of both conditions. 


*From The Department of Medicine, Louisiana State University School of Medicine and Charity Hospital, New 
Orleans, Louisiana. 
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Fic. 1. Dilatation of the aortic arch, prominence of the 
pulmonary artery and moderate left ventricular 
enlargement. 


Rupture of the sinus of Valsalva into the pul- 
monary artery, right ventricle or right auricle 
may give signs and symptoms practically identi- 
cal with those of aortic aneurysm with rupture 
into the pulmonary artery.*~'° Absence of 
radiologic aortic aneurysm and negative serologic 
tests for syphilis favor the diagnosis of rupture of 
the sinus of Valsalva. 

Why is there evidence of right heart strain in 
patients with this condition, while in patients 
with patent ductus arteriosus left heart strain is 
evident? This is probably due to long-standing 
pressure of the aneurysmal sac on the pulmonary 
artery prior to rupture, with resultant increased 
resistance distal to the pulmonary valve and 
right ventricular strain.':> Another theory as 
regards right heart strain is based on the direc- 
tion of blood flow from the shunt.! If the jet of 
blood is directed away from the pulmonic 
valve, there is little increased resistance to right 
ventricular outflow; however, if the jet is directed 
at a right angle to the pulmonary artery or 
towards the pulmonic valve, a definite increase 
in resistance to outflow occurs. 


CASE REPORT 


F. B., a fifty-two year old Negro dock laborer, 
was admitted to Charity Hospital on November 
13, 1952, with a chief complaint of dyspnea of 
ten days’ duration. He stated that about one 
month before admission he was struck on the 
right shoulder by a loading machine. At this 
time he noticed some aching but the skin was 
not broken. The next day he noticed a small 


Fic. 2. A, note the right axis deviation. B, the phono- 
cardiogram shows a continuous murmur with a systolic 
accentuation. 


protrusion above the right clavicle which would 
appear when he lay down and disappear when 
he sat up. He attributed this protrusion to the 
injury but paid no particular attention to it since 
it caused him no discomfort. About ten days 
before admission he began to notice severe weak- 
ness, dyspnea, cough and swelling of the feet. 
The dyspnea became progressively worse, and 
the cough productive of a white, foamy sputum. 
Hoarseness also developed. 

There appeared to be no pertinent data in the 
past or family history. 

Physical examination revealed a moderately 
dyspneic, middle-aged colored man who did not 
appear acutely ill. Blood pressure was 170/90, 
equal in both arms, pulse was 104 and regular, 
respiration rate 20. Pertinent abnormalities 
included the following: Above the right clavicle 
there was a soft, round mass which was easily 
reducible by pressure and which increased in 
size on coughing. This was believed to be a 
pleural hernia related to the injury of the 
previous month. The apex beat was in the 
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seventh interspace outside the anterior axillary 
line, forcible and diffuse. ‘There was dullness to 
the left of the sternum in the second and third 
interspaces, and a systolic thrill was present in 
this region. A loud, harsh, continuous murmur 
with systolic accentuation was audible over the 
left upper chest, loudest in the second left 
interspace near the sternum. There were no 
rales in the lungs. The liver was palpable five 
fingerbreadths below the rib margin and some- 
what tender. The spleen was not palpable. 
There was moderate edema of the feet and 
ankles. Blood picture and urinalysis were normal. 
Complement fixation test for syphilis was posi- 
tive, the quantitative Kahn test was 8 units. 
Venous pressure in the right arm was 130 mm. of 
water, in the left 160. 

Fluoroscopy revealed what was interpreted 
as dilatation of the transverse and ascending 
aorta with opacity of the aortic window. The 
pulmonary artery was enlarged and its pulsa- 
tions increased. There was moderate enlarge- 
ment of the left ventricle, and it appeared also 
that the right atrium was somewhat dilated. 
(Fig. 1.) 

The electrocardiogram (Fig. 2) showed promi- 
nent S waves in leads I and V¢ and a high R in 
[*s P waves were notched and T waves inverted 
in Vi, 2, 3, 4, diphasic in V5. The electrocardio- 
gram was believed to indicate right ventricular 
hypertrophy. 

The tentative diagnosis on the basis of the 
initial study was syphilitic aneurysm of the 
ascending aorta with erosion into the pulmonary 
artery. 

The symptoms of congestive failure responded 
readily to rest, digitalization, mercurial diuretics 
and a low salt diet. After subsidence of the heart 
failure an intravenous angiocardiogram was 
performed but satisfactory visualization of the 
aorta was not obtained. Cardiac catheterization 
(Fig. 3) revealed right ventricular pressure of 
63/5 mm. Hg with the O, content essentially the 
same as that in the superior vena cava. As the 
catheter passed into the main pulmonary artery 
the oxygen content rose 6 vol. per cent. The 
pressure in this vessel was 63/8. Mean pul- 
monary capillary pressure was 26. Arterial 
oxygen saturation was 95 per cent and reached 
~ 100 per cent with inhalation of 100 per cent oxy- 
gen. Left ventricular output was calculated at 
3.4 L. per minute and it was estimated that the 
pulmonary flow was about three times the 
systemic flow. 
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Following the study the patient was dis- 
charged and followed in the Outpatient Clinic. 
After nineteen months he remained in a fair 
state of health. 


LEFT LUNG 


PRESSURE RIAL 
RPA = 55/33 
MPA = 63138 fe 
RV 6315 9.2 
ARTERY = 63/70 


Fic. 3. Cardiac catherization results. Note the high 
right ventricular pressure and the 6 volume per cent 
elevation in O2 content of the pulmonary artery as com- 
pared to that of the right ventricle. Asterisk denotes 
sample from left brachial artery. 


COMMENTS 


Although the subjective symptoms of this 
patient merely indicated congestive heart failure 
of fairly rapid onset, the physical signs were 
strongly suggestive of a communication between 
the aorta and the pulmonary artery, either a 
patent ductus or rupture of an aneurysm into the 
pulmonary artery. The findings on cardiac 
catheterization proved the presence of such a 
communication, and indicated that the fistula 
was of moderate size. The positive serologic 
tests for syphilis, the x-ray evidence of dilatation 
of the aorta and the rather sudden onset of 
symptoms made it fairly certain that the com- 
munication between the aorta and pulmonary 
artery was not a patent ductus but rather a 
fistulous connection with an aneurysm of the 
aorta. 

SUMMARY 


A case is reported in which erosion of an 
aneurysm of the aorta into the pulmonary artery, 
with production of a fistula between these two 
vessels, was proved by cardiac catheterization. 

The patient was alive and in a fair state of 
health nineteen months after the episode 
occurred. 

The diagnosis and pathophysiology of this 
condition is discussed. 
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Normal Colon 


Ulcerative Colitis 


METAMUCIL® IN CONSTIPATION 


Atonic Colon 


Smoothage in Correction of Colon Stasis 


To initiate the normal defecation reflex, 
the “‘smoothage” and bulk of Metamucil provide 
the needed gentle rectal distention. 


ORews the habit of constipation has been estab- 
lished, due to any of a large number of causes, it 
becomes a major problem. Self-medication with 
irritant or chemical laxatives, or repeated enemas, 
usually causes a decreased, sluggish defecation 
reflex and may result in its complete loss. 

Rectal distention is a vital factor in initiating 
the normal defecation reflex, and sufficient bulk 
is thus of obvious importance in restoring this 
reflex. Metamucil provides this bulk in the form 
of a smooth, nonirritating, soft, hydrophilic col- 
loid which gently distends the rectum and initiates 
the desire to evacuate. Metamucil demands ex- 
tra fluid, imparting even greater smoothage to 
the intestinal contents. 

It is indicated in chronic constipation of 
various types—including distal colon stasis of the 


“irritable colon”’ syndrome, the atonic colon fol- 
lowing abdominal operations, repressions of def- 
ecation after anorectal surgery and in special con- 
ditions such as the management of a permanent 
ileostomy. Metamucil is the highly refined mucil- 
loid of Plantago ovata (50%), a seed of the psyl- 
lium group, combined with dextrose (50%) as a 
dispersing agent. 

The average adult dose is one rounded tea- 
spoonful of Metamucil powder in a glass of cool 
water, milk or fruit juice, followed by an addi- 
tional glass of fluid if indicated. 

Metamucil is supplied in containers of 4, 8 and 
16 ounces. It is accepted by the Council on 


_Pharmacy and Chemistry of the American Med- 


ical Association. G. D. Searle & Co., Research 
in the Service of Medicine. 
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When little patients balk at scary, 
disquieting examinations (before you've 
begun)... 

When they’re frightened and tense (and 
growing more fearful by the minute) .. . 
When they need prompt sedation (and 
the oral route isn’t feasible) .. . try 


NEMBUTAL 


Sodium Suppositories 


With short-acting NEMBUTAL, the dosage 
required is small and the margin of safety 
is wide. And—since the drug is quickly 
and completely destroyed in the body— 
there is little tendency toward morning-after 
hangover. Keep a supply of all four sizes 
of NEMBUTAL suppositories on hand. Be 
ready for the frightened ones 


before their fears begin. Okbott 


0.2 Gm. : 0.12 Gm. 30 mo. 
(3 grs.) (2 grs.) (Ye gr) : 


® Pentobarbital Sodium, Abbott 


$07131 
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makes possible appetizing, 
protein-adequate, low sodium diets 


as a beverage 


double strength 
as cream 


in cream soups, 
sauces 


in desserts 


Patients on low sodium diets can have the ample protein so 


essential to their good management—if you prescribe Lonalac. 
A quart of liquid Lonalac 


This low sodium, high protein food is nutritionally similar supplies 32 Gm. of pro- 
to milk. And it is used just like milk . . . in soups, na uaameeeenens 
creamed dishes, baked dishes, desserts. Well balanced, iaacaliiitiniaaiati 
appetizing and varied meals can be easily cholesterol-free. 


Available in 1 and 
prepared in home or hospital. ecko 
Typical diets including Lonalac® and moderate amounts of 
meat and eggs keep the patient’s sodium intake within 


200 mg. daily ... and supply about 80 Gm. of protein. 


Diet outlines, suitable for use by dietitians and patients, 
are available on request. 


MEAD JOHNSON & COMPANY «¢ EVANSVILLE, INDIANA, U.S.A. 
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NOW happy travelers chew 


Bonamine. 


Brand of meclizine hydrochloride 


chewing tablets 


Probably 30 to 50% of all travelers experience 
some degree of pleasure-spoiling malaise, anorexia, 
nausea, and vertigo. For these motion-sensitive 


vacationers, you can prescribe. 
new BONAMINE CHEWING TABLETS to insure happier 


travel, no matter what the method of transportation. 


For the convalescent or the invalid traveling 

for his health, BONAMINE helps to avoid the strain 
imposed by vertigo, nausea and vomiting. 

Also indicated for control of nausea, vomiting 

and vertigo associated with labyrinthine and vestibular 
disturbances, Meniére’s syndrome and radiation therapy. 


BON AMINE rarely causes drowsiness 


or other unwanted reactions. 


Supplied on prescription only: 
CHEWING TaBLeEeTsS (New) — 25 mg., candy-coated, 
mint-flavored. Packages of 8. 


TABLETS — 25 mg., scored and tasteless. Boxes of 8 
and bottles of 100 and 500. macenann 


PFIZER LABORATORIES, Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 


Ag 


. . No single agent has yet proved satisfactory for 
HYPERTENSION COMBINED THERAPY IS ADVISED” 


Wilkins, R. (1953): Mod. Med. 81-82. 


OBJECTIVE DIAGNOSIS DICTATES 
COMBINED, SAFE THERAPY... 


EMOTIONAL TENSION 


requires tranquilization or sedation 


VASOCONSTRICTION 
requires vasodilation 


RENAL INSUFFICIENCY 


requires diuretic action 


VASCULAR DEGENERATION 


requires maintenance of vascular integrity 


neo provides this 
COORDINATED MEDICATION 


Each capsule contains: 

Mannitol Hexanitrate . . 30 mg. 
Theophylline . «© © «© Gm. 
Ascorbic Acid . . « « « « 15 mg. 


* a pure crystalline alkaloid of Rauwolfia serpentina 


in bottles of 100, 500 and 1000 opaque red capsules 


ALSO AVAILABLE AS SEMHYTEN with 15 MG. 
OF PHENOBARBITAL REPLACING RESERPINE. 


professional literature 


available 


THE S$. E MASSENGILL COMPANY 
BRISTOL, TENNESSEE 
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...the only fully active 


bioflavonoid-ascorbic 
-acid combination... 


Hesper-C contains 100 mg. 
of hesperidin concentrate, 
active principle of Vitamin P complex 
Hesper-C contains none of the inactive, inert ele- 


ments of citrin, the so-called Vitamin P complex. 
Hesper-C provides totally active hesperidin. 


Hesper-C contains 100 mg. of ascorbic acid, 
vital to prevent capillary breakdown 


Capillary integrity and normal permeability are : 
dependent upon both ascorbic acid and hesperidin The National 


—not upon either component alone. 


Dosage: 6 capsules or more per day for the first 
week. Then 4 capsules daily. 


Drug 


Supplied: Hesper-C (hesperidin, 100 mg., and as- Company 
corbic acid, 100. mg. per capsule), bottles of 100 
and 1000. Philadelphia 44, Pa. 


Hesper-C is the original hesperidin-ascorbic acid combination— product of 10 years pioneer research by the National Drug Research Laboratories 


... there is no diseased state in which the capillaries 
are not detrimentally modified. Conversely, there are 
no diseased states which will not benefit by assuring 
proper capillary strength and integrity. 


_ Martin, G.J.: Hesperidin and ascorbic acid, Naturally occurring 
synergists. Basel, S. Karger, 1954. 


restore capillary strength 


help prevent capillary hemorrhage 


Hypertensive and diabetic retinopathy 


Epistaxis, cerebral hemorrhage 

Uterine bleeding (functional, postpartum) 
Habitual abortion: fetal salvage 95% 
Surgery: (e.g.: tonsillectomy, d. & c.) 
Respiratory diseases (influenza, tuberculosis) 
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return 
to 
normotension 


Management of hypertension with ANSOLYSEN usually means not 
only a return to relatively normal blood pressure, but also substan- 
tial amelioration of hypertensive symptoms and signs. Headache, 
dizziness, and dyspnea subside. Retinal vascular changes regress; 
electrocardiograms show evidence of return toward normal; x-ray 
films show decrease in heart size. 

ANSOLYSEN assures effective control in 90% of appropriate 
cases when dosage is individualized. Indicated in moderately se- 
vere, severe, and uncomplicated malignant hypertension. 

Supplied: Scored tablets of 20, 40, and 100 mg., bottles of 100. 
Also available: Injection, 10 mg. per cc., vials of 10 cc. 


ANSOLYSEN’ 


TARTRATE 


Pentolinium Tartrate 


® 
Philadelphia 2, Pa. 


always lowers blood pressure 


240 
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Areas of Clinical Study | One of a series 


ANEMIA 
OF 
INFANCY 


Recently completed—1954—studies!: 2 again confirm the 
unique value of Roncovite (cobalt-iron) in the preven- 
tion and treatment of infant anemia. Clinical results 
show that routine administration of Roncovite can com- 
pletely prevent the iron deficiency which so frequently 
develops in the first six months of life. 


RONCOVITE (Cobalt-Iron) has introduced a wholly new 
concept in anti-anemia therapy. It is based upon the unique 
hemopoietic stimulation produced only by cobalt. The 
application of this new concept has led to marked, often 
dramatic, advances in the successful treatment of many 
of the anemias. 


EFFECTIVE 

“It is a significant fact that none of the...cases receiving 
iron as well as cobalt required additional iron therapy and 
that the haemoglobin levels of this group remained con- 
sistently and significantly higher than those in any other 
group after the age of 4 months.””! 

**...there can be no doubt that the average hemoglobin 
values...are greater in the cobalt-iron [Roncovite] treated 
group.’”? 

PATIENT SATISFACTION 

“*...the mothers of these anaemic infants frequently stated 
spontaneously that the children were much improved, with 
increased appetite and vigour. It seems possible, therefore, 
that even if anaemia in premature infants does not usually 
produce marked symptoms, there is a subclinical debility 
which becomes more evident in retrospect.”’! 


SAFETY 

*‘There was no evidence of toxicity in any case under treat- 
ment:... There is nothing to suggest that cobalt in any way 
impairs the general progress or rate of weight gain in pre- 
mature infants in the dosage employed.””! 
“The babies were closely observed daily for ill effects of the 
medication while at the premature unit and when they re- 
turned for check ups. None of them showed harmful effects 
despite the large doses.... A few of the babies have been 
followed for more than 100 days with no ill effects noted.’’2 


SUPPLIED: 
RONCOVITE DROPS 
Each 0.6 cc. (10 drops) provides: 


Cobalt chloride................ 40 mg. 
(Cobalt 9.9 mg.) 
Ferrous sulfate. ....cccccccccccs 75 mg. 


RONCOVITE TABLETS 


Each enteric coated, red tablet contains: 
Cobalt chloride................ 15 mg. 
Ferrous sulfate exsiccated......0.2 Gm. 


RONCOVITE-OB 


Each enteric coated, red capsule-shaped 
tablet contains: 


Cobalt 15 mg. 
Ferrous sulfate exsiccated...... 0.2 Gm. 
DOSAGE: 


One tablet after each meal and at bedtime. 
In children one year or older 0.6 cc. (10 
drops); infants less than one year 0.3 cc. 
(5 drops): once daily diluted with water, 
milk, fruit or vegetable juice. 


1. Coles, B. L., and James, U.: Arch. of 
Disease in Childhood 29:85 (1954). 


2. Quilligan J. J., Jr.: Texas State J. Med. 
50:294 (May) 1954. 


Bibliography of 192 references 
available on request. 


RONCOVITE 


The original, clinically proved 
cobalt-iron product. 


LLOYD BROTHERS, ING. 


Cincinnati, Ohio 


In the Service of Medicine Since 1870 
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Sedation without hypnosis 


REPRINT ORDER FORM 


THE AMERICAN JOURNAL OF MEDICINE, 49 W. 45th St. New York 36, N. Y. 


Please send me the following Seminars reprinted from the 
AMERICAN JOURNAL OF MEDICINE: 


GASTROINTESTINAL PHYSIOLOGY $2.00 


O BLoop COAGULATION $2.00 
O Liver DIsEASE $2.00 
oO ANTI HyPERTENSIVE DRUGS $2.00 


Enclosed is my check 


CITY STATE 
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Highly 
compatible 
vehicie 


the first thought for pain relief 
Prescribe 1/20 gr. DILAUDID HCI Tablets or Ampules for Prompt Relief of Pain 


e Pain relief without hypnosis 

¢ Smooth, quick action 

e Minimum of side effects 

e An opiate, may be habit forming 


*Dilaudid is subject to Federal narcotic regulations. 
Dilaudid®, brand of Dihydromorphinone, a product of E. Bilhuber, Inc. 


L CORP. distributor 


HERPES ZOSTER PATIENTS 


because published studies* show: 


“Good to excellent results” in Prompt recovery in more than 
more than 80%, with “almost 90% when Protamide is started 
immediate improvement.” in the first week of symptoms. 
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Hematinic Lederle 


the most 
potent 
all oral 


One capsule daily for treatment and maintenance of 


all treatable anemias, including pernicious anemia. D> 


Each capsule contains: Vitamin B,,. with 

Intrinsic Factor Concentrate ... 1 U.S.P. Oral . LEDERLE LABORATORIES DIVISION 
Unit; Vitamin B,, (additional) ... 15 mcgm.; AMERICAN Ganamid COMPANY 
Powdered Stomach .. . 200 mg.; Ferrous Pearl River, New York 


Sulfate Exsiccated ... 400 mg.; Ascorbic Acid 
(C) ... 150 mg.; Folic Acid ... 4 mg. #REG. U.S. PAT. OFF. 


. prescribe gentle 


Phospho-Soda 


A gentle reminder . 
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brand new'! 


arlidin 


vasorelaxation 

more tissue oxygen 
improved muscle metabolism 
pain relief 

safe - rapid e sustained 


diabetic vascular dise 
Raynaud’ 's disease 
thromboangiitis obliterans 
ischemic ulcers. 


arlidin 
brand of nylidrin hydroc 
increases both tablets 6 mg. 
ardiac and peripheral blood 
ow... to send more 


Write for samples and literature 


arlington-funk laboratories 


division of U. S. Vitamin Corporation . 
250 East 43rd Street, New York 17, N.Y 
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acute and chronic 


prostatitis... 


76.6% cured or improved with 


brand of nitrofurantoin, Eaton 


137 cases of prostatitis were treated with Furadantin with the following results: 


Acute prostatitis Chronic prostatitis Total 
No. cases 20 . 117 137 
Cured 15 30 45 
improved 4 56 60 
Failed 1 31 32 


(Personal communications to the Medical Department, Eaton Laboratories.) 


Furadantin has a wide antibacterial range 
Furadantin is effective against the majority of gram-positive and gram-negative urinary 
tract invaders, including bacteria notorious for their resistance. Furadantin is not related 
to the sulfonamides, penicillin or the ’mycins. 

With Furadantin there is no blood dyscrasia...no proctitis...no pruritus ani...no crys- 
talluria...no moniliasis...no staphylococcic enteritis. 

Furadantin tablets—50 and 100 mg., bottles of 25 and 100. Furadantin Oral Suspen- 
sion (5 mg. per cc.)—bottle of 4 fl.oz. (118 cc.). 


EATON LABORATORIES 
THE NITROFURANS—A UNIQUE CLASS OF ANTIMICROBIALS, 


PRODUCTS OF EATON RESEARCH NORWICH e NEW YORK 
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more potent and longer lasting analgesia 


than with morphine 


less likely to cause constipation 


than morphine 


smaller dosage required 


than with morphine 


LEVO-DROMORAN 


Tartrate ‘Roche’ 


May be administered orally, subcutaneously, 
or intravenously for: 
preoperative narcosis 
postoperative pain relief 
relief of severe, intractable pain 
Addiction liability is the same as with mor- 
phine and the same precautions should be 


observed as with other narcotic analgesics. 
Narcotic blank required. 


HOFFMANN -LA ROCHE INC « Roche Park « Nutley 10 - New Jersey 


LEVO-DROMORAN®— brand of levorphan (3-hydroxy-N-methylmorphinan) 
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a non-barbiturate, non=habit-forming, 
tranquilizing and stabilizing agent 


(Squibb Reserpine) 


Rau-sed may be employed to achieve a calming, tran- 
quilizing effect. Rau-sed may be found useful in situa- 
tions accompanied by stress and anxiety and has been 
reported helpful in a number of physical disorders with 
associated emotional overlay (such as headache, derma- 
tologic disorders, gynecologic disorders, enuresis, etc. ). 


Oral Dosage for Office Practice: The usual daily dose may range 
from 0.25 mg. to 1.5 mg. Dosage may start with 0.25 mg. t.i.d., and 
may be adjusted upward or downward. It is important, in adjusting 
Rau-sed dosage, to consider that results may not appear for one to 
two weeks after therapy is instituted. When a maintenance level is 
achieved, Rau-sed may be given as a single daily dose or in divided 
doses, as the patient prefers. Some patients may need and tolerate 
higher dosage; in such patients, Rau-sed has proved most effective 
in conjunction with psychotherapy. Note: Patients receiving large 
doses, or those who receive the drug over a long period, should be 
watched for signs of depression; this can be alleviated by reducing 
the dosage or withdrawing the drug. 


Supply: 0.1 mg. and 0.25 mg. tablets, bottles of 100 and 1000; 0.5 
mg. tablets (scored), bottles of 50 and 500; 1.0 mg. tablets (scored), 
bottles of 30, 100, and 500; 4.0 mg. tablets (scored), bottles of 100 
and 1000 (for psychiatric use). RAU-SED Parenteral, for the treat- 
ment of hospitalized psychiatric patients, 5.0 mg. and 10.0 mg. ampuls. 


*RAU-SED’ IS A SQUIBB TRADEMARK SQUIBB A NAME YOU CAN TRUST 
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Published exclusively to help you 


meet the DIETARY 


PROBLEMS 


of your patients because— 


— the TOTAL CARE of 
every patient includes NUTRITION 


Responsibility for management of the dietary | 


for practical 
application of 
NEW advances in 
nutrition by 


OBSTETRICIAN 
PEDIATRICIAN 
INTERNIST 
SURGEON 
GERIATRICIAN 
FAMILY PHYSICIAN 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


Editor-in-Chief 


problems of your patients rests upon you 
regardless of your specialty in medicine or 
surgery. THE AMERICAN JOURNAL OF CLINICAL 
NUTRITION is the only journal of its kind 
published exclusively in the interests of helping 
the family physician or specialist include nu- 
trition as part of the TOTAL CARE of his patient. 
In this important journal—written authori- 
tatively—are data presented from the prac- 
tical aspect of helping you meet the nutritional 
needs of your patient under medical or surgical 
treatment. Keep yourself informed of the new 
advances in clinical nutrition by sending 
your subscription now for this practical and 
permanently useful journal. 


S. O. WAIFE, M.D., F.A.C.P., ASSOCIATE IN MEDICINE, INDIANA UNIV. MED. SCHOOL 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION 
49 W. 45th Street, New York 36, N. Y. 


SUBSCRIBE 
NOW! 


Gentlemen: Kindly enter my subscription for 6 issues (one year) of 


THE AMERICAN JOURNAL OF CLINICAL NUTRITION AT $6.00* 


Use this C) I enclose remittance C) Please bill me 
handy coupon Name 
City Zone State 


*Canada, Central and South America $6.50; other foreign $7.00 
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PROGRESS ON INFLAMMATORY PROCESS DETECTION 


(C-reactive protein antiserum — Schieffelin) 


Widely used test for detection of rheumatic fever 


“The technical procedures involved in carrying out the test are exceed- 
ingly simple ... Except in cases of pure chorea, C-reactive protein is 
always present in the serum in acute rheumatic fever, and the amount 
present is more or less proportional to the severity of the illness.” 


Often points to presence of subclinical inflammatory reactions? 
“The detection of CRP in the serum therefore serves as an indicator of 
the intensity of an inflammatory process ... the most consistently posi- 
tive laboratory test in the presence of rheumatic activity.” 


Close correlation between presence of C-reactive protein and rheumatic activity’ 
“Absence of this protein during the diagnostic examination would ex- 
clude active rheumatic fever even though other values, such as the 
erythrocyte sedimentation rate, were abnormal.” 


Level of C-reactive protein a measure of inflammation in acute myocardial 
infarction‘ 
“a positive test for CRP is a non-specific but sensitive indicator of in- 
flammation of infectious or non-infectious origin ... useful in evaluat- 
ing the subsidence of the inflammatory process in the heart.” 


An aid in deciding when inflammation has subsided5 


‘‘an aid in deciding when inflammation has subsided ... useful in follow- 
ing the course of rheumatic fever in the same sense that the erythrocyte 
sedimentation test is. Like the latter test it is nonspecific and can be 
caused by any infection ... but is more easily interpreted .. .” 


1. Wood, H. F., and McCarty, M.: Am. J. Med. 17:768 (Dec.) 1954. 2. Stollerman, G. H., et 
al.: Am. J. Med. 15:645 (Nov.) 1953. 3. Rantz, L. A.: Disease-a-Month 1:18 (Oct.) 1954. 
4. Kroop, I. G., and Shackman, N. H.: Proc. Soc. Exper. Biol. & Med. 86:95 (May) 1954. 
5. McEwen, C.: M. Clin. North America (Mar.) 1955, to be published. 


Supplied: 1 cc vials (30-40 determinations); also Capillary tubes ... vials of 100; 
Capillary tube racks. 


For complete descriptive brochure on materials and techniques required just send 


request to: 
Schieffelia A 
New York 3, N. Y. 


Pharmaceutical and Research Laboratories since 1794 


*‘Polysporin’ combines the anti-gram-negative action 
of ‘Aerosporin’® Sulfate Polymyxin B Sulfate with the 
anti-gram-positive action of bacitracin, in concentrations 
which are highly effective yet which provide extremely 
low incidences of allergenicity. Why risk the possibility 


of sensitization when treating topical and ophthalmic 


infections? Use safe, potent ‘Polysporin’ with assurance. 


POLYMYXIN B—BACITRACIN OINTMENT 


For topical use: in % oz. & 1 oz. tubes. 


For ophthalmic use: in % oz. tubes. 


BURROUGHS WELLCOME & CoO. (U.S.A.) INC., Tuckahoe 


USE 
POLYSPORIN 
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Markedly less toxic 
than either 
potassium iodide 
or Lugol’s Solution, 


AMEND’S SOLUTION is 
10dine in its most effective and 
safest form. 


Whenever oral iodine 

is indicated, prescribe 
10 to 20 drops of 
AMEND’S SOLUTION 
t.1.d., a.c., in a full glass 
of water. Available in 

2 6z. bottles. 


AMEND’S SOLUTION 
(protein-buffered iodine) 


Additional information available on request. 


Shes. Looming 


155 East 44th ei New York 17, N.Y. 


FAMOUS COOK 
FOR LOW SODIUM PATIENTS 


Last year, Sunkist made a special 
offer of The Low Sodium Cook 
Book—the widely-approved, 
practical guide to make saltless 
meals appetizing and interesting. 

The offer proved so popular it 
is being repeated for a limited 
time. Once again, the book, sold 
in stores for $4, is available 


Free handy diet booklet! ‘‘Salt or No 
Salt,’ for distribution to patients on low 
sodium diets, is available from Sunkist. 
Please use coupon, and specify quantity. 


e tables of sodium. cholesterol and fat 
contents of DOO in 
measurenvents, 


how to follow doctors PEST 


how to accommodate the family 


to the dict. 


cooking with wines. herbs and seasonings. 


how to prepare meats, chicken, 
fish. vegetables. sauces. salads and salad 
dressings for the low sodium dteter. 


how to bake breads and desserts with 


low sodium substitutes. 


e use of home freezer for the dieter. 


© how to pack alow sodium lunch box. 


e how to 


through Sunkist in a special 
$1.25 edition. 

This edition is the same book 
with two exceptions: it has a 
paper cover instead of cloth and 
an added section on fresh lemons 
as a seasoning. 

Doctors tell us that lemons— 
as a seasoning substitute for salt 


Teatout on the diet. 


—help solve the vexing problem 
of keeping low sodium patients 
on their diets by making unsalted 
food palatable and interesting. 
You and your patients are in- 
vited to write for this complete 
and authoritative guide to tasty 
low-salt menus at the special 
price while the supply lasts. 


Sunkist Growers 
Section 10307, Terminal Annex 
Los Angeles 54, California 


You need not order The Low Sodium 
Cook Book to get these booklets. 


Please send me postpaid copies of The Low 
Sodium Cook Book. I enclose $ . (Send 
$1.25 for each copy. Sorry, no C.O.D.’s. Send money with 
order. Postage prepaid in U.S. and Canada only.) 


Please send me free copies of handy diet 
booklet. (No Cook Book order required.) 


Name. 


Sunkist 


Street Address 


Zone State. 


City 


¥/ 
DIET 
| 
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Greater acid-binding capacity’ 


Longer therapeutic effect! 


A comparative test shows conclusively that Maalox 
not only has more than double the acid-binding 
capacity of aluminum hydroxide, but also maintains its 
effectiveness twice as long.!' 


Another investigator emphasizes that ‘‘Maalox is 
preferable to aluminum hydroxide gel because it is 
more palatable, better tolerated by the stomach, and 
does not cause constipation or undue astringency.’’’ 


Maalox-Rorer is a well-balanced suspension of 
magnesium aluminum hydroxide gel—smooth-textured 
and pleasant to taste. It enjoys unusual patient 
acceptance. 


‘..- better suited for antacid therapy’” 


SUPPLIED: Suspension, bottles of 12 fluid ounces. 
Tablets, bottles of 100. 


Samples sent promptly on request 


RORER WILLIAM H. RORER, INC. 


PHILADELPHIA 6, PA. ; 


1. Rossett, N.E., Rice, M.L. Jr.: An In Vitro Evaluation of the More Frequently Used Antacids, Gastroenterology 
26:490 (1954). 


2. Morrison, Samvel: Magnesium Aluminum Hydroxide Gel in the Antacid Therapy of Peptic Ulcer, Am. J. 
Gastroenterology 22:309 (1954). 
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for complete descriptions and 
authoritative data on nearly 
4000 modern ethical drugs 


NEW edition MODERN DRUG 
ENCYCLOPEDIA 


Professor of Medicine, Yale 


and THERAPEUTIC INDEX 


Haven, Conn. 


with FREE Bi-monthly Supplement MODERN DRUGS to 
keep you up-to-date with newest ethical drug descriptions 


The only three-year reference service of its kind with 
OS eg complete, authoritative data on new ethical drugs 
j now completely revised in this new, ‘“‘better than ever’’, 
6th Edition. Prescription products, narcotics and exempt-narcotics 
are indicated for the first time. Here is your source for latest 
composition, action, uses, supply, dosage—also cautions and 
contraindications of thousands of new drugs. The MoDERN DRUG 
on aes ENCYCLOPEDIA is the leading finger-tip reference for physician, 
‘ee pharmacist, drug room and hospital infirmary, college and university. 
Compiled in seven special sections: DRuGs - BIOLOGICALS 
ALLERGENS « GENERIC NAME INDEX + THERAPEUTIC INDEX 
MANUFACTURER’S INDEX « GENERAL INDEX 


HANDSOMELY BOUND IN RED FABRICOID 
CONTAINS 1486 PAGES, SIZE 6” x 9}” x 23” 


COMPLETE WITH GENERIC NAME INDEX fe) MAIL THIS COUPON NOW [fe 


| 

AND SELF-PRONOUNCING DRUG LISTINGS | I 

| DRUG PUBLICATIONS, INC. | 

49 West 45th Street, New York 36, N. Y. | 

eos ° — i : send me tpaid t ixt ition of t 

Physician, Pharmacist, Institution users! I ee AND INDEX 

* Now re quired reference | plus the bi-monthly supplementary service, MODERN DRuGs. l 

by Michigan State Board of Pharmacy onane 

Recognized as leading reference 

text by College and University | 

Schools of Pharmacy CITY ZONE. STATE 

% 97.2% subscribers who receive it... use it ' **Foreign $18.00 “includes three-year supplementary service at $3 per yeor. ff 

* 89.8% keep it within finger-tip reach a... 
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in arthritis 
and 


allied disorders... 


nonhormonal anti-arthritic 


(brand of phenylbutazone) 


relieves pain + improves function + resolves inflammation 


Employing the serum protein-polysaccharide ratio (PR) as an objective 
criterion of rheumatoid activity, it has again been shown that 
BUTAZOLIDIN “...produces more than a simple analgesic effect in 
rheumatoid arthritis.”” 


Clinically, the potency of BUTAZOLIDIN is reflected in the finding that 
57.6 per cent of patients with rheumatoid arthritis respond to the extent 


of “remission” or “major improvement.” 


Long-term study has now shown that the failure rate with BUTAZOLIDIN 
in rheumatoid arthritis, and particularly in rheumatoid spondylitis, is 
significantly lower than with hormonal therapy.’ 

(1) Payne, R. W.; Shetlar, M. R.; Farr, C. H.; Hellbaum, A. A., and Ishmael, W. K.: J. Lab. & 


Clin. Med. 45:331, 1955. (2) Bunim, J. J.; Williams, R. R., and Black, R. L.: J. Chron. Dis. 
1:168, 1955. (3) Holbrook, W. P.: M. Clin. North America 39:405, 1955. 


BuTazoLipIn® (brand of phenylbutazone). Red coated tablets of 100 mg. 


BUTAZOLIDIN being a potent therapeutic agent, physicians unfamiliar with its use are urged 
to send for literature before instituting therapy. 


GEIGY PHARMACEUTICALS Division of Geigy Chemical Corporation 
220 Church Street, New York 13, N. Y. 


5118S In Canada: Geigy Pharmaceuticals, Montreal 
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announcing... 
combined 


corticosteroid-antibiotic 


therapy for 


dermatologic conditions 


... including poison ivy 
and sunburn 


infantile eczema 


Ointment 
Lotion 


SQUIBB FLUDROCORTISONE ACETATE WITH SPECTROCIN (SQUIBB NEOMYCIN-GRAMICIDIN) 


the anti-inflammatory, anti- 
pruritic action* of FLORINEF 
—much more potent than that 
of topical hydrocortisone 


the prophylactic action* of 
SPECTROCIN —effective against 
many gram-positive and 
gram-negative organisms 


**,.. secondary infection with pustulation often follow scratching which is induced by the intense itching.’ 
Nelson, W. E.: Textbook of Pediatrics, ed. 5, Philadelphia, W. B. Saunders Company, 1950, p. 1516. 


Supply: Florinef-S Lotion, 0.05 and 0.1 per cent, in 15 ml. plastic squeeze bottles. 
Florinef-S Ointment, 0.1 per cent, in 5 gram and 20 gram collapsible tubes. 


Also available: Florinef Lotion, 0.05, 0.1 and 0.2 per cent, in 15 ml. plastic squeeze 
bottles. Florinef Ointment, 0.1 and 0.2 per cent, in 5 gram and 20 gram collapsible 


tubes. 


*FLORINEF-8", "FLORINEF’ AND ‘'SPECTROCIN’ ARE SQUIBG TRADEMARKS 
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the 2 favored asthma treatments single 


First, hold tablet under the tongue 
5 minutes for sublingual absorption 
of quick-acting aludrine (Isopropy] 
arterenol). Then swallow for 4- 
hour, follow-through protection 
from theophylline-ephedrine- 
phenobarbital in the tablet core. 


ina 


tablet 


There’s an excellent chance your 
asthma patients will prefer fast act- 
ing, long-lasting convenient NEPHEN- 
ALIN tablets. Dose: One tablet as 
needed (up to 5 tablets a day). 
Bottles of 20 and 100. THos. LEEMING 
& Co., INc., New York 17, N. Y. 


Nephenalin 


( for adults) 


Nephenalin 


PEDIATRIC 


FOLBES YN 


Vitamins Lederle 


A well-balanced, high-potency vitamin formula containing B-Complex and C 


FOLBESYN provides B-Complex factors 
(including folic acid and Bj) and as- 
corbic acid in a well balanced formula. 
It does not contain excessive amounts 
of any one factor. 


FOLBESYN Parenteral may be adminis- 
tered intramuscularly, or it may be 
added to various hospital intravenous 
solutions. It is useful for preoperative 
and postoperative treatment and dur- 
ing convalescence. 


Dosage: 2 cc. daily. Each 2 cc. provides: 


Thiamine HCl (Bi)................... 10 mg. 
Sodium Pantothenate................. 10 mg. 
Pyridoxine HCl (Bs).................. 5 mg. 
Vitamin Biz.................. 15 micrograms 


FOLBESYN is also available in tablet 
form, ideal for supplementing the 
parenteral dose. 


LEDERLE LABORATORIES DIVISION ameascaw Cyanamid company Pearl River, New York 


*rea. U.S. PAT. OFF. 
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INADEQUATE? 


Bach Jssucs Wanted 


(MUST BE IN GOOD CONDITION) 


THE AMERICAN JOURNAL OF MEDICINE 


will pay $1.00 per copy for 


the following issues: 


January 1948 June 1951 
February 1948 March 1953 
eptember 1949 April 1953 
January 1951 January 1954 
April 1951 February 1954 
May 1951 March 1954 
Send to 


The American Journal of Medicine, Inc. 
49 West 45th Street New York 36, N. Y. 
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highly soluble in both acid and alkaline body 
: fluids, especially at pH of renal tubules 


§& high plasma levels rapidly attained 
§& no alkalinization or forcing of fluids required 
$& single sulfonamide - not a mixture 
§& no danger of secondary fungus infections 


Gf wide antibacterial range 


you prescribe 


these distinctive features 


when you prescribe .. .« 


Hoffmann - La Roche Inc «+ Roche Park - Nutley 10 + N.J. 
GANTRISIN ® —brand of sulfisoxazole (3,4-dimethy!-5-sulfanilamido-isoxazole) 
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iturate hypnotic-sedative! 


a totally new nonbarb 
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